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SUMMARY CHARACTERISTICS

INTERIM, CONCEPTS

2 STAGE — 120 IN. PARALLEL

GLOW (MLB)-5,042

BLOW (MLB) -3.,970

STAGING VEL (FT/SEC) -6742
STAGING g-1ST STG (PSF)-240

SRMs
NUMBER - 5/2
THRUST MOTOR (MLB) —1.328
DDT&E (3B) — 6,551

AVERAGE RECURRING/FLIGHT ($M) — 32.4

2 STAGE — 120 IN. TANDEM

GLOW (MLB) - 5.358

BLOW (MLB) -4,233

STAGING VEL (FT/SEC) 6588
STAGING g-1ST STG (PSF)-240

SRMs
NUMBER _5/2
THRUST MOTOR (MLB) —1,328
DDT&E ($B) - 6,712

AVERAGE RE CURR&NG/FL%GHT ($M)_ 35,1

GLOW (MLB)-4.75%
BLOW (MLB) -3.763
STAGING VEL (FT/SEC) -6235
STAGING g-1ST STG (PSF)-40

1 STAGE — 156 IN. TANDEM

SRMs
NUMBER -3/0
THRUST MOTOR (MLB) - 2. .4

DDT&E ($3)

~6,3
AVERAGE RECdRRlNG/FLEGHT ($M) 32.5

CB-3
Do 4538(1)




SUMMARY CHARACTERISTICS

FINAL CONCEPTS

GLOW (MLB)-3.320
BLOW (MLB) -2,249
OLOW (MLB) -1.071
ORB (DRY) (KLB)-0.171
STAGING VEL (FT/SEC)

2-1/2 STAGE — PARALLEL

- 6100

LNDG. SPD* (P/L OUT) (KT)}-117

WING LDG (REF AREA) — P/L IN (PSF) -63.3
T/W ORBITER (LB/LB) -1.34

T/W LIFTOFF (LB/LB) —1.38

TOTAL PROGRAM COST ( $8) - 9.755

PEAK ANNUAL FUND ($8) - .972
AVERAGE RECURRING/FLIGHT (SM) - 4.77

GLOW (MLB) — 3,694
BLOW (MLB) —2.569
OLOW (MLB) -1.125

ORB (DRY) (KLB)-0,170
STAGING VEL (FT/SEQ)

CB-h
DO 4539(L:

2-1

2 STAGE

- TANDEM

- 6200

LNDG. SPD* (P/L QUT) (KT)--1i7

WING LDG (REF AREA) - P/L IN (PSF) -63.3
T/W ORBITER (LB/LB) —1,27

T/W LIFTOFF (L8/LB) ~1.35

TOTAL PROGRAM COST ($B) ~10,144

PEAK ANNUAL FUND ($B) -1.021
AVERAGE RECURRING/FLIGHT ($M) - 5,16

GLOW (MLB) ~3:03%
BLOW (MLB) —2.040
OLCW (MLB) —0.596
ORB (DRY) (KLB)~0.123
STAGING VEL (FT/SEC)

2-1

2 STAGE

— TANDEM

--6000

LNDG. SPD* (P/L OUT) (KT)>~124

WING LDG (REF AREA) ~ P/L IN (PSF) -102.3
T/W ORBITER (LB/LB) —1.40

T/W LIFTCFF (LB/LB) -1.50

TOTAL PROGRAM COST ($8)- 9.873

PEAK ANNUAL FUND ($8) - 0956

AVERAGE RECURRING/FLIGHT ($M) - 5,54

*ALL PAYLOAD-IN LANDING SPEEDS ARE 150 KTS




SUMMARY CHARACTERISTICS

B Lt e e et el ¢ b
e E

TAETO DS

INTERIM, CONCEPTS

2 STAGE ~ 156 IN. TANDEM

GLOW (MLB) — 4,665
BLOW (MLB) - 3.594
STAGING VEL (FT/SEC) - 6644
STAGING g-1ST STG (PSF)— 240

SRMs

NUMBER - 2/1

THRUST MOTOR (MLB) - 3.15
DDT&E ($B) ~ 6.5836
AVERAGE RECURRING/FLIGHT (§ M) - 32.2

TSTAGE =]

GLOW (MLB) - 5.826
BLOW (MLB) — 4,755
STAGING VEL (FT/SEC) - 6252
STAGING q-1ST STG (PSF)— 280

20 IN, TANDEM
SRMs
NUMBER - 9/0
THRUST MOTOR (MLB) -~ 0,875
DDT&E (38) - 6,423

AVERAGE RECURRING/FLIGHT ($M) - 39,0

1V STAGE - 156 [N, TANDEN

GLOW (MLB) - 5.173
BLOW (MLB) — 4.102

STAGING VEL (FT/SEC) - 6263

STAGING g~1ST STG (PSF)— 40

SRMs
NUMBER - 4/0
THRUST MOTOR (MLB) ~ 1.745
DDT&E ($B) - 6.512

AVERAGE RECURRING/FLIGHT (3M) - 34.0

2 STAGE - 120 IN. TANDEM

GLOW (MLB) ~ 4.924
BLOW (MLB) — 3.853
STAGING VEL (FT/SEC) - 6643
STAGING g-1ST STG (PSF)~ 240

SRMs
NUMBER - 5/2
THRUST MOTOR (MLB) — 1.328
DDT&E ($B) ~ 6,452

AVERAGE RECURRING/FLIGHT ($M) - 35,2

CB-1
DO 4536(1)




SUMMARY CHARACTERISTICS

FINAL CONCEFTS

2 STAGE — PARALLEL

GLOW (MLB) — 4.467

BLOW (MLB) — 3.381

OLOW (MLB) - 1.086

ORB (DRY) (KLB)- 0.217

STAGING VEL (FI/SEC) - 7,480
LNDG. SPD* (P/L OUT)(KT) = 122

WING LDG (REF AREA) — P/L IN (PSF) - 56.8
T/W ORBITER (LB/LB)— 1.32

T/W LIFTOFF (LB/LB)~ 1.39

TOTAL PROGRAM COST ($8) - 9.848

PEAK ANNUAL FUND ($8) - @.868
AVERAGE RECURRING/FLIGHT (8 M) —3.80

2-1/2 STAGE

~ TANDEM

GLOW (MLB) - 3.337
BLOW (MLB) — 2.269
OLOW (MLB) - 1.070

1 ORB (DRY) (KLB)-0.136

STAGING VEL (F1/SEC) - 6,000
LNDG. SPD* (P/L OUT) (KT)}- 120

WING LDG (REF AREA) — P/L IN (PSF) — 69.8
T/W ORBITER (LB/LB)— 1.31

T/W LIFTOFF (LB/LB)~ 1,37

TOTAL PROGRAM COST ( $B)— 10.116

PEAK ANNUAL FUND (8B - .972
AVERAGE RECURRING/FLIGHT (M) = 5.69

CB-2
B0 1537(1)

. 1+-1/2 STAGE — TANDEM
GLOW (MLB) - 4,101 4 WING LDG (REF AREA) — P/L IN (PSF) - 77.5
BLOW (MLB) - 0.0 T/W ORBITER (LB/LB)— —
OLOW (MLB) - 4.101 T/W LIFTOFF (LB/LB)- 1.30
ORB (DRY) (KLB)- 0.320 TOTAL PROGRAM COST (§B) - 7.792
STAGING VEL (FT/SEC) -18,300 PEAK ANNUAL FUND ($B) - 1.077

LNDG. SPD* (P/L OUT) (KT}-135

AVERAGE RECURRING/FLIGHT ($M) —7.25

*ALL PAYLOAD-IN LANDING SPEEDS ARE 150 KTS




i N 1 FINAL
CONFIGURATION |
”I‘ ORBITER
5. LAUNCHVEMICE A AZRODYHAHIC
won e s 1. REF PLANFORM AZEA wn W
Vea v,e0 FIsEe 2. T PLANFODM AREA 6848 v
e Lo 3. WOTTED AREA DXL wse P
8A5E
‘ 4 aase o
184 FT §l.__BOCSTR - RIUSAGE 5. RN 122 o
PROPILANT 1360 k8 . RUDDER @ e
9475FT. [
BATH ROCKET ENGIRES 7. SPEED BRACE = e
WEABER 0 B. UPPERALAP & w2
TEUSTS.L. @ ms 8. LOVIR FLAP 1.0% m
. i : = 1o, ooy w
BLow 3% M2
IBBFT
] 8 FT DRY WEIGHT s 18 8. PROPULSION
. 1. MAIR ROCKET IRGING
.
TL3ZFT pmears 3
- THRUST (SL.& = B:D) s xiz
EXPANSICH RATIO ot
2. ASCENT PROPELLANT
10y ¥ ORBITER & i
: W, 1% O%E @1 ms
j Lry 1 CRSITER =85 7
: 14 CREITER 3wl
TOTAL 5 T
f=——AERQ REF.LGTH. 146 FT—t 3. GiPS INCLACPS
. OMPS ENGINES:
156756 T— RSO ’
TYPE pUo
10, c s
*GOET. wy e e 6,10 L8
F/L ORBITER
4. AIRGREATHER DSGINSS
J & e s
- - ! MUMBER [
. - 4 s
- o .
| ‘ g7 C. CENERAL DATA
TRTLY;
ilbL B0 o o 106 @e
080! e st DRY WELGHT a7 ms
TOTRL YOLME @,
- OCOUPITOTAL VL R
HAIN THOINE
] CAMT ANGLE #n oea
i cImes MSLE +1 oeGRE

GH-2
DO 4604

11




CONFIGURATION 2 INTERIM

80 FT
{ ——0ORBITER 2-128

DROP TANK (2}

3L2FT

_

506 FT

|
{

2%° STAGE SRM

15T STAGE SRM

- AERQ REF LENGTH=124.6FT _—1

i tamstvenas
r——em i

8,043
Veines 2400/630
= 1.35
15, DOOSTER - SRR ~ OO STASE
ISTSIGE
LR OF MCTOTS 5
[Py 120 twecs
w ' 7.1¢
PEOPRACTOR 470 =3
MAX 5.4 THRUST 1,328 ms
BAX VAC THAUST - us
s ey 2,640 e
oAt AL 3 peoRE
AN AN +2 DG
EZTEDA 116, 5
BROAT DA .38 mxn

137 FT

I—-— 15x60 P/L——l

0BO

INTERSTAGE

GE-3
DO 4605

AR\ S

Lvee

2"° IGN

13

B STACE

2
120 tcn
7.19
470062
1,485x8
- =3
1,056 a8
5 GCOREE
+£2 DIGRE
116.5 14
38 1w

MY, ORSITER

AL MRCTYRREIC
1. R PLANFCRM AREA 3,552
2. TOURL PLAXFORM AREA 5,205
3. WETTID ARTA EXCL 14,250
BASE
4 sast 888
5. fIN 208
D ‘ 245
7. SPEID ZRARE 230
& UPPERRA® 505
9. LEWERFLAP 751
18, QEVCH 393
8. PROMASION
1. HAAIM ROCKIT ENGIAE
fretied 3
waust (SL D= 35:1) 415
DARSION RATIO 150:1
2. ASCINT PROPILLANT -
w,1  ORBITEZ 8.85
m. ORBITER 678
L DROFTANK 26,540
Wi DROPTANKX 113
™AL .79
3. OMPS IKCLACTS
APS INCINES:
AR
© wes
PROPEL. 18,850
& AIRIFATHER DIGINES ~
e 4
RRAFR JTF-22B
»4
C. GOERAL DATA
Qo 1,071
ORY VEIGHT 171
TOTAL VOLUNE 59,800
OCCUPITOTAL YOL .84
MALR ENSING
CAMT ANSLE 10
CHABAL ANGLE )3

LA LA

g

ggg’

g

ot
CLeRE



CONFIGURATION 2 FINAL

GH-4
DO 4606

8O FT ———-—-1
ORBITER ————|

2-128

DROP TANK
(2)

—e- AERO REF LENGTH= 1246 FT

61,4 FT “J

70.7 FT

Bl SCOSTER ~ REUSABLE

PETCEUANT

LA 20CKET ENGINES
BIRIR
THRUST 3.4,
z

o

-

Sy WEICHT

208.2 FT

[BYA

08O LVvBO LVLO

15

3,320
6,100
1.375

1,796

11
415
35:1
2.248
“387

10, ORSITTL

R ACROTERERTT
1. REF PLASFORM AREA
e 2. TOTAL PLANFORA AREA
3. WETTED ARTA EXCL
pAsSg

BASE

fa

[
SPEED BRAKE
LPPER RAP
UER FLAP
Lo :Ived

PRI R

B, PROMASICN
1. BAIN POCXEY DNCINEG
g

3,552
5,205
14,250

£88
909
345
230
505
781

3ss

3
mewst (SL Z= 35:1) 415

EXPANSICH RATIO

2 ASQUAT PROPEUIANT

150:1

W, ORBITEP 9,850

W, ORBITER

678

by DROPTANK 26,500

w1z DROPTANK

TCIAL

X AP INGLACPS
QUPS DICINCS:
R
e
PROPEL.

& AIRSREATHER ENGINES °

™™e
Ll
»r4

€. GOEXAL SATA

Lo

DRY wDICHT

TOTAL YORLME

OCCUPTOTAL YOU

RAIE DG DT
CANT ANLL
CIupAL ANQLE

113
781

19,650

4
JTF-22B

EERE R )

g

gge

66

EE

DECREY
CLeRE

Ee)




CONFIGURATION 2C INTERIM

3
b

GH-5
DO 4607

1. amcenvonne
———

17

He. oRBITR
—_—

ng A asmooveit

- Ny 4,870
L3 2,400/5,300 e 1 R MATORM AREA 3,552
T 1.35 2. TOTAL PLAORM ARTA 5,205
80 FT $1.BO0STER - STM - O STAGE > g Aea 14,250
‘ ! ——CRBITER 2-128 T mms s « wer 55
. S. Fi - 209
Y MEMESR OF $0TORS S 2 & mOtER 345
1 wwm 120 w120 e s 20
L2 FT w T 7.19 o wmR e 791
l PROPRMOTOR 470 m& 470 ms 0, Bovox 395
! 55.2 FT wxsLMES 1,328 ms - me —
2'° STAGE SRM AXVAC THRUST - ®m3 1,485 ums 1. SAIN SOCKTT BN
TEMLSTACEWDIGNT 2,640 ®ms 1,056 me fREABER 3
e 6.5 wrust SLE= 35:1) 415
e s : bR 6 b EXAXSION RATIO 150:1
GLMBAL MHCE +2 bmRg 42 reonm
1" STAGE SRM ROTZUE DA 116.5 mem 116.5 1w T ASCNT PROPELLANT -
nROATOIA 33 ey 38 e 0, 1N ORBITER 9.85¢0
< 1,8  ORBITER 378
ut, 18 DRGPTANK 26,500
F—AERO REF LENGTH = 124.6 FT —— oW DROPTANK 113
AL 731
- 222 F.Ii 3 GRS tHCL ACPS
TS DL,
137 FT { :zrm.t:tz
PROPEL. 19,650
[-»— 15x60 P/L —-I
& AIRIREATMR DICINES ©
et 4
S SRM 120 IN DIA—I R JTF-228
: 4
NN
|
- - ..! J _d_{f‘ S et “‘%“ €. GOMRAL DATA
LH, | | Peesutiy) i -—— o 1,066
! . oY WGt 168.8
_/ } i T voumE 59,900
eceuprion .84
DROP TANK (1) / ! :susm1:m
OBO 2" BO 2 IGN LvLe cho it 10
L0 1> 20 Simsa ancz +1
INTERSTAGE

1343333 L%,

g

Egig

[: 3

foan: g



%
P
i

GH~6
DO 4608

Y

LECERREE CONFIGURATION 2C FINAL
e
-L&.—g}
\
»
. — m, oM
80 FT am . L 1. RO PLANORM AREA 3,552
W, 6,000 e : TOTM PFORMASEA 5,205 PP
w 1.38 3. VETITC ARER BXCL 14,250 2
BAsE
o st ses
s A 209
& suoom a5
. ECWNR - RUSARE 1. SPEED ERAQ 230 ::
F s A UPPIRFLAP 505 1
7FT FREILAG 1,762 4. e e 791
AN SOOI DGINES 0. anees 395 ”z
05 11
nSTS.L 415 KL 8. PROPULSION
z 35:1 1. MAIN ROCKZT ENGIME
-] 2,216 XLB TR 3
N st (SL I=35:1) 415 @3
ST e 388 < KLB £xeprsion tAn0 150:1
2 RSCENT PROPIUANY -
| 0,8 CRBITER 9.850
-/ 1e,1x  ORBITER 678 :.;
DROP TANK (I 1,1 DROPTANK 26.500
( ) t, 1t DROPTANK 113 ms
™RAL 91 03
S OS IRCLACPS
€503 BOINGS:
- AERQO REF LENGTH=124.6 FT e
e
) PROPEL. 19.650 wu
324.2 FT T : L
) 1 & AIRIREATHER DNCIMS
. Y 4
137 FT -t P JTF-228
| re It}
15x80 &L :
€. COERAL BATA
ciow 1.066 &
oRY wriGHt 168.6 ma
TOTAL YOLUME 59,900
. CSCUPRITTAL VL A
+ i BAH BGIE
- - — CANT AXCLE [<d-~: 3
GIMBAL ANLE ot L i~ 4



CONFIGURATION 5 INTERIM

LAUNCH VEHICLE

Suot &85 ae
Verace 20016300 FIISEC
i 1%
1. BOJSTIR - SRM - TWO STAGE
1T STAGE M0 STAGE
e e 70 FT
HUMEER OF MOTORS H 1
LHANETIR 156 INCH 156 INCH
G 1.5 1.5
' FROPRMITOR 1067 @B . L047 xs
gg ORBITER MAX S.L. THRUST L0 - us
51.-3-5 S—2 RIAX VAC THRUST - [SCI. ¥~ K8
! 1 TITAL STAGEWEIGHT 2388 ki3 LIS4 L8
CANT ANGLE ] DIGRE O DEGREE
GIMBAL ANGLE 0 ofeReE © DEGREE
XOZZLE DIA B6 INCH 156 hile ]
THROAT DIA SL3 iney S o
239 FT
fe—— AERQ REF LENGTH 109 FT ‘———‘]
. 1
1207 2 STAGE
15X 6C PIL ' SRM
156 IN
DiA
/-INTERSTAGE
> -
£ = o
L0z
T 5T
ND
21 FT — oL0 SRM Z,GN !‘_’,O iGN ’
O1A 89O OIT Ly
Lo
GH-T
DO 4609

21

3tl, ORBITER

A, AZROOYNAMIC

1. RIF PLANFORM ARTA
TOTAL FLANFORM AREA
WETTED ARTA EXCL BASE
8a5¢
FiN
RUDOER
SPEED BRAIE
UPPER FLAP
LOHER ALAP
10, ELEVON

B i N A

5. PROPULSION
1. MAIK ROCKET ENGIME
NumBER
THRUST (SL = 351
EXPANSICN RATIO
2. ASCENT PROPEULANT
LOZ iN DROPTANK
LOZ IN DROPTANK
M, {4 DROPTAHK

2
LHZ IR DROPTAMK

TOTAL

3. OWPS INCL ACPS
OMPS EXGINES:
MR
e
wy wT
vy L2 7
& AIRSREATHER ENGINTS
TYpe
MUMBER
o

C. GDERAL DATA

[eds )

TRY WEIGHT

TOTAL VOLUME

SCTUPITOTAL YO

A EMGINE
CANT ANGLE
GURBAL ANGIE

210 8
3,980 7
10,59 FF
a0 i
s 2
x P
167 F7
»6 7
«s 57
w2 e

45 K8
®:1

9,60 FP
85 K3
2,30 FC
uzs Qs

167 KiB

RL-10
1260 L8
2,000 18

IF-228

1.om e

6.5 K3

aan
.8

10 DEGREE
+1.75 DEGREE



CONFIGURATION 5 FINAL

Lo LAUNCHVEMICLE {if,_oraimR
oLon 139 ae A, AERODYNAMIC
VSTASE 8,000 FISEC 1. REF PLANFORM AREA .10 FTz
2. TOTAL PLANFORM AREA 3,9%0 FI
] L3467
3, WETTED AREA EXCL BASE 16,50 £
Yoa st &0 2
163FT U, BOCSTER - REUSABLE s s
PROPEUANT 1,792 K8 6. RUDDER e
AAIN ROCKET ERGIHES 7. SPEED BRAKE wr 2
70FT —= NuSER n 8. UPPER FAP 16 F12
; TRUSTS L. s ne 9. LOWER FUAP w it
! l - £ %1 10, ELEVON x2 ¢
E BLow 122 m2
! DRY VEIGNT ® R , 2. PROPLESION
5 32F7 Lo MAIN ROCKET ENGINE
1 515 FT 7!“ AR R 3
N l i TN (N £ - Y [IERVEY
3 1 PTG AR i
3 e &
i AN
v e7
W, 1M DROPTARK UL K8
; i TOTAL W s
: +—AEROREF LGTH, 109 FT:
; i ) . 3. OWPS INCL ACPS
f i . : CMPS ENGINGS:
4 I 120 FT —— : BUMBER 3
E ! et RL-10
: | w0y W 12,00 18
: I5FT XGOFT ) TR i 200 (8
| ’— P/L ) , & AIRBREATHER ENGINES
[ ORBITER . TYPE -z
; ——— 5 I 5-12 MUMBIR 4
- S 1 w4
- Bhares . & T
L2 2 T < / C. GENERAL DATA
DROPTANK ! I : =7 GLOW 1,070 K8
J [ RY WEIGHT 136.5 K8
» 2IFT | TOTAL VOLUME Qa0 /P
. oLo D% opo LvBO Lo BCCEPROTAL VO
31 336FT7 B MAIN ENGINE
P CANT ANGLE 10 DEGREE
: GIMEAL ANGLE S 173 DEGREE
| REV. A
GH - 8 D)

DO 1610
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CONFIGURATION 5D INTERIM
I LAUNCHVBMIQE
o _— A, RERODYNAMMC
CLow : 452 a8 1. REF PLANFORM AREA 20 e
4 Vstage 2.400%, 300 FTISEC 2. TOTAL PLANFORM AREA 3.9 £
T L% 3. WETTED AREA EXCL B3SE 10,50 712
6 sast 0
M. BOOSTER - SRM - TWO STAGE 5R X
T0 FT 4 . 6. RUSDER = P
3 I SPACE  Znd STAGE 7. SPEID BRAKE 167 2
b _ NUMZER OF FICTORS s 2 8. UPPER FIAP s o
: DIAKETER 120 1vCH 120 e 5. LOWER FIAP @
w 219 .10 0. ELEVON x 72
. PROPIAOTOR &8 N8 2 Ke .
. g-? N ORBITER RAX 5.1, THRUST 135 w8 - s 8. PROSULSION
58.2 & 5 5-u2 . MAXYAC THRUST 1,435 X8 1. MAIN ROCKET ENGIME
FT 1 @ g TOTAL STAGE WEIGHT 2,608 1,056 K3 ] QIMBIR 3
o < o CAKT ANGLE 0 o%GREE 0 DIGRE ] THRUST 15 = 38D as xe
0 o) GHABAL ANGLE 0 BeGREE 0 BEGREE EXPANSION RATIO 1
4 NOZZLE DIA U85 CH 1165 INCH - 2. ASCENT PROPELLANT
& é THROAT DIA ® INCH ™I 10, 14 DROPTANK 920 P
LA tC, IN CROPTANK 6745 XL3
U‘!; 14 ORCPTANK 29,30 ‘TJ
Ui, 1§ DROPTANK 2 18
TORAL w we
225 FT - - 3. OMPS INCL ACPS
———AERO REF LENGTH 109 FT UFS TEOIES:
PRIMEER 3
° TYPE RL-10
: = 120 FT 2 STAGE ' W W 12,005 L8
P15 X GO P/L SRM S5-2 vy 12 F7 zom ts
120 IN 4. AIRBREATHIR ENGINGS
. DIA Tree T
: NUMBER ‘ N
[ pis
5 =) C. GENERAL DATA
= - - e N
el — . \J . oo 1,670 X8
T e HeTh _ [0 HiJ DRY WEIGHT 165 x
2 AN LH, ’{/ 1 ' ___ TOTAL VOLUME Q. m
- l - 3 ]\] OCCUPITOTAL YO .81
i o b e MAIN ENGING
2t FT — oLo SRM 080 16N 80 16N CANT ANGLE 10 DEGREE
DIA BO orT w , GiMBAL ARGLE LTS DEGREE
. Lo

GH-13 ‘
DO 4615 29




CONFIGURATION

5C

INTERIM

34.1GFT

e—AEFRO REF LGTH. 864 FT

1S FT x40FT-~
P/

9975 -

ORSITER
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. LAUNCK VEHICLE
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Ystace
mw

1. GOOSTER ~ SAM - SINGLE STAGE

BUMBER OF MOTORS
DIAMETIR

%]

PROPIRDTOR
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TOTAL SRM WEIGHT
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HOZTIE 1A
THROAT DIA

srRM 3D
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; . b — — et e
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. \\ &:’ L4 . _ a 1
L [
02 . //I t\\\ LH2 | —— . -
DROPTANK (1) iZIZFTD' l
o 8O OBO Lo
t 200 FT
GH-11
DO 4613

31

I GREITER
4™ mp A AZRODYNAWIC
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1% 2. TOTALFUSSCRAAREA 284 7T
3. SOTTCOAGEAEXCLBASE  B.870 P
4 BASE o "
s, FIK 6 £
3
6. PUDDER e /P
1% INCH
1. SPED DT 1@ e
1.3 i
Lo 3. UPPERTAP @ 57
o
210 K 9. LOWER RAP &
10, ANOE w e
3,60 Q2
o DR 5. PROSULSIR
1.5 CICREE 1. MAIN ROCKET DGIE
154 incH EIE] 3
o2 mcw TRUST (SL € = D a5 ns
EPANSION RATIO nt

2. ASCENT FROFELLANT

10, 1% trOFTMX 9,103 h
W, ¥ prortax 626,5 w8
Uty 1 ororTanx 24,470 2

ut, 1 ororteR 1044 w3
TOTAL 731 ms
3. OMPS (RCL ACPS
OMPS TXCINGS,
HUMSER )
TYRE "9
PROFTLLANT 15,60 (8
GENERAL DATA
GLow "5 K3
2] $EICHT e [
TOTAL YOUZRE 0 e
QCCUPITOTAL VOL K
WA INGINE
CANT ASOLE 15 OFREE
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b, LRUNCH VEXICLE

auon 4om7 ms
Yorace B ARG
33 w 153
Fr
216 FT
AERO REF LENGTH 146 FT - i
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ISSUES SUMIAARY

SYSTEM CONCEPT WEIGHT CONSIDERATIONS | RECONSAENDED
iSSUES | NO. GTOW | ORB (DRY) ITANK (DRY) OTHER CONSIDERATIONS SELECTION
P/L BAY EiNAL | ,
(ENGTH | 3 33%K  |136.5K 50.4K o UNACCEPTABLE REENTRY HEATING
FOR 40-FT BAY
A =303K| A =13.6K|A=3.4K | o MODEST iMPROVEMENT IN COSTS 60-FT BAY
AND WEIGHTS FOR 40-FT BAY ‘
5C 3,006K  |122.9K 47.0K o SENSITIVITY A MINCR CONSIDERATION
FINAL
%ﬁ;ﬁég‘m 2C 3 694K | 170.4 33.1K o HO TANK DECOUPLES ORBITER FROM
| - STAGING AND ASCENT VELOCITY
A=355K |A= 33.9K |A=17.3K | o SMALLER AND LIGHTER ORBITER HO TANK
FOR HO TANK
5D 3,339K  |136.5K 50.4K o LOWER RECURRING COST FOR H TANK .;
| SRMA 55 5 173K o SINGLE STAGE LESS COMPLEX
STAGING ~ s TWO-STAGE HAS HIGH Q (=25 e/ SINGLE
a=3508K |A =0 A=0 P72y FHLST SEPARATION s
5 4,665K . o TWO-STAGE REQUIAES MULTIPLE- STAGC
INTERIM | L UNIT SEPARATIONS x
5A 5.826K
A=902K |la=0 la=0
5D 4.924K B
SRM 5A 5,825K o 156 IN. DiA ALLOWS FEWER SRMs
SIZE AN =453K (o= 0 A= 0 e 156 IN. RESULTS IN LOWER |
58 5,173K CLOV AND TOTAL PROGRAM 156 1IN,
INTERIM COST
5D %.994K \ o 136 IN. PRESENTS LEAST COMPLEX
A= 259K la= 0 A= 0 STAGE DESIGN
5 4,685K
CONFIGH FINAL o |
URATION| 2 F50R  |170.8K 17.1K o SIMPLER SEPARATION FOR TANDEM
VoK |a =0.4K |6 =16K | o GREATER COMMONALITY BETWEEN ANDEM
o 3 ak | 170.4K -, PNTERIM AND FIMAL FOR TANDEM FANDEM |
&5 ' 3. 1 s COSTS AND WEIGHTS FAVOR PARALLEL i
CB-13 . . == Py > ' = _ : =



ISSUES SUMMARY
SYSTEM ONC MPARE COST CONSIDERATIONS |
ISSUES CONCEPTS COMPARED DOTAE P ANILITOY, PROTINT, RECIFIN,REG |
@ == —p == (38 (38 [ {35 | (§M) (58
- O:Ls% 6.512 29721 10,1161 34.0] 5,49
P/L BAY 60 FT BAY ) | o
LENGTH e A= 13%9|a= 0l6ia=.2421 A= 1.5l A= .25
%q® @5” ——_——/p/ ‘ ‘
X =257 . 9561 9, 32.5 .
1 STG-156IN. 4o £ pay H 7 O 6.373 5 873 2 5,54
3 ﬁcﬁ
rERNAL @2 e =P 6.712| 1,021} 10,144} 35.1] 5.16
TANKS & ' A= 260 [A= 047| A=,080{ A= .1|A= ,52
Q__a.,..&.a'-\_‘ - - \ 2 A
zﬁb’sm e N gz——% 6.4520  ,978] 10.0641  35.2] 5.68
—— 6.512 9721 10,116 4,01 5.6
e R —— 024 la= o005 A:O@: A= 1.8ia= 01i
SRM i STC 156 IN 2 SIG iJéIN 6.536 (}é? 30@ n/ 32s2 56?0’
STAGING | 6.423 L9871 10,080 39,01 5,42
| G == D == ‘029 las 011 A= 016 la=  3.8la=0
1 STG-120 iN. 2 5TG-120 IN. 6.452 L9761 10,064 35.21 5,48
6.423 9871 10,020 39,01 5.691
A== .&ﬂ— 089 la= .015la= 035 ja=  5.0la= .01
RM 1 STG-120 IN. ] STG- lséiN é 5'&7 ‘9}2 'QO EW 34 G z; AE;'
S - ¢ on e e ‘o -] LA
SIZE 6.452 9761 10,064 35.21  5.68
@@ .dcz:—f:ﬂ 084 |la= .00?la= 055 (o= 3.0la= .02
2 STG-120 IN. 2 STG-156 IN. 6.534 967 100119 32,2  5.70
oo @2 =X ‘N;E;Augi%j 6,551  .972] 9.735|  32.4| 4,77
URATION A= 18] (o= D491A= 38 | A= 2.9la= 39
@2 —= Eftg -~/ 67121 1.021F 10,1441 35,1 5.16
TANDEM ™ H .

CB8-10
nn kA1 {0



INTERIM

65K

1,07iK

403K

2,433K

161K

5,042K

65K

12.9K

1,125K

428K

2,584K

188K

5,358K

i) & o
2 S3TG-12D N,

65K

15.5K

1,071K

292K

2,093K

163K

& s s o
i
2 STG~156 1M,

65K

690K

4,065K

N/A

fﬂ’—-f:{?‘ lmw"i

R RTTIR
gl o

1 STO-120 1M,

g s I e S et R I Sk btk i B S g G s e i G it . il i e
ki

65K

517K

3,585K

N/A

(58) el i
T 1 STG-156 1IN,

AR s e

65K

v

V

390K

2,351K

172K

940K

4,924K

ffﬁh Y
W STy
2 STG-120 IN,

65K

14.7K

996K

475K*

3,288K

N/A

N/A,

4,759K

25K **

25.5K

4,101K

N/A

N/A

N/A

N/A

N/A

*3 BOTTLES **LOG MISS SIZES VEH; EQINV P/L DUE EAST EXCEEDS
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PERFORMANCE SUMMARY: FIiNAL CONFIGURATION

CRITICAL
MISSION
RE/(BU!REMENT

”~
&
/ s
Q &
& N Oe\/
YL YE Y/ 5
FINAL I /L) O/
65K/ 100/
—> O 2L o o 55 {2710
e 3 —4 29,960, 300 1.38 1,34 10,900 | 6,i0 30 510
H
—_— - 29940 299 .30 | 1.3 19,700 | 6,600 ; 520
H
M 29980] 300 1.3 | 13 10,200 510
— H+ O ’
e —Ty »
- £ ) 500 295| L 1 1.5 1.4 10,400 § 6,500 | X 630
H+O ¥ F 1§ /
25K/ 100/
) 299 |1,300¢ 1.0 - , 2 18,307 500
——%d&iﬁrﬁs sk | IN | 55 12989 23,265 | 18,300 |
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- ENTERIM

NO INTERIM

TBD)

=<~ =

2 STG-120 iN,

(T8D)

B >
2 STG-120 IN,

-25,000

-21,000

4.0

23

29

2 STG-136 IN,

1,700

-43,000

-27,000

5.0

t STG-120 IN.

1,500

-35,000

-24,000 4.0

27

@) e —p

i STG-156 IN.

1,200 ~28,000 | -22,000 4.0 25 20 = =
2 STG-120 1M
1,300 ~31,000 | -21,000 4.0 25 31 R NN
1 STG-156 1IN
. NO INTERIM o 5
f ]

-5
DO LECO

S TANKS

51




:\\ ’ " - /V:%' & ) & ’;/’ 3‘%
FINAL D Sy D> > (g;‘? @ Cg.;c K 3 oo -1_7(%&
—> O] 0 -19,000 | -24,500 9.4 - 42
————> 700 -10,000 -25,000 3.0 27 A4
H
700 ~10,000 ~24,000 3.0 27 33
1,385 -11,000 | -19,000 4.0 22 28
T [ ZUFT
— ‘ 900 -9,000 -15,000 2.0 18 22
H ¢+ O
H+ C ' .
BOOSTE ANKS 3 ORBITER
e 1 BOOS 2 TANKS 3 ORBIT
DO L4501

.
53
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COSTING GROUMNDRULES

o R i R b

JD-4
DO 4620

MAIN ENGINE PHASE C/D GO-AHEAD OF 7/71

ORBITER PHASE C/D GO-AHEAD OF 4/72

BOOSTER PHASE C/D GO-AHEAD OF 7/72

INTERIM SYSTEM FMOF OF 9/78 ]

INTERIM OPERATIONAL PROGRAM 1S 3 FLIGHTS/YEAR FOR 4 YEARS % VARIED FOR CONFIG. 58
ULTIMATE SYSTEM FMOF OF 9/82 ;

ULTIMATE OPERATIONAL PROGRAM IS 445 FLIGHTS OVER 10 YEARS

ORBITER MARDWARE INCLUDES 2 FLIGHT TEST VEHICLES AND 3 PRODUCTION VEHICLES
BOOSTER HARDWARE INCLUDES 2 FLIGHT TEST VEHICLES AND 2 PRODUCTION VEHICLES
NO BOOSTER/ORBITER COMMONALITY EXCEPT FOR MAIN ENGINE |

COST ESTIMATES INCLUDE MAIN ENGINES AND FACILITIES

COST ESTIMATES DO NOT IINCLUDE FEE

COST IN 1970 DOLLARS

ALL SYSTEMS COSTED TO GROUNDRULES OF TECHNICAL DIRECTIVE NC. 2001

[%)]
@3]
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CO“‘”“’ ‘Lr ‘%TEON 1 CONC. 'RRENT i‘f‘f?'fELOPMENT FUNDING PROFILE

TR

TWO-STAGE FULLY REU‘V ”.E SYSTEM

o o ! - $e.<568 B ! - '
- ey ~—— O+ "R DDT&E |
; , 1 o

1.8 o
0 %/ENCI \ TOTAL FROGRAM COST:
/‘ INES
1.6 /i ‘*a DDT&E $9.484 B
4 f’ ‘/ \éﬁ EMOF
. / \ /78
. : %ﬁ%& 4 /

1.2

1.0 5 il 0 “%
¢/ ke
. % i\

ANNUAL COST ($BILLIONS)

{\V
P g
2 o P
P

0.6 f 7 .
" ORBITER AN
f [\ A Dbra P
0.4 / \

i

N \’%\k N OPERATIONS
» 3z | i }
76 77 78 79 80 81 82 83 e 85 85 & 88

FISCAL YEAR

0.2

R R i i s R e e e e R

TS 2639t
1) 61




29

(1) 099500

9-ar
 4VIATVOSH
s 76 16 06 &8 83 /8 98 S8 ¥8 €8 78 18 08 & BL /9L SL WL EL Y.
\ P N NIV e iy P
271N ~ i — - 7~
NN s s 4
% R % A "2 7/}'
EE RIYNO3Y & 9315008 - | Teieal 7
SNOILYY¥3dO DNND3 é) 43L5Q! N EN R 26
~. \ Il =t
A NN \ / |
e ) \ £'0
T S T 3 /
e MM N%_ “& . 4 -’“'. Y0
A I91ad \ 39104 ;5 | o
8 1 | ¥315008 \ | ¥3le0 | ¥ co 9
: 4911701 Wl SN y .
$S1SOD WY¥DOUd TYLOL i 4 )% ) A fij @
A=y 90 o
\%‘t /| p / Lo /’fﬁ“g =
VoL T /b 20 O
o 4 / ' %‘i‘;\‘\ i g
->>< g V4 3;:& e 4 80 =
RN A
A Ny U/ |
_/ %E ¥ w;{‘f\ 19104 60
NOILONAOY Y3110 — . g\ A N
Lo /}’ /_ 2/6°0 % WS ot
sdo "INt "1 ¥ JOW4
L't
10W
°11N
: Z
WIGNVL ‘O +H 1@ ‘39V1S 2/1-2
37140¥d ONIANAZ €5 NOILYENIIINOD ‘ :;%_




. e WP
: A odiie RasioR IR FIE
i SRR Lo G AT B
3 Eﬁz‘é\-gg Gl o skl gt vt ] wilviiL

wexneen CONFIGURATION 58 FUNDING (CASE IT)

2-1/2 -STAGE SYSTEM

FMOF 1 = 9/78 | FMOF 2 = /83
il2 L] 7 ] 13

H—S YRS, 15 FLTS —%
1.1
TOTAL

1.0 PROGRAM
OsT

FMOF 1 | _ T

Lo $10,218 8

0.9 - -
o / \ =, %FMOFz
/ |

0.7 \ / \
] |

s

COST ($BILLIONYS)

0.2

Dt P Cognno e D et e T e T B e Lt A B L s SIS G e S e e e
e S L S A R e 1 i TS SO Y 5 PR 1) :

0.1

72 73 74 75 76 77 78 79 8 81 82 83 84 85 8 87 83 8 9 91 92 93
FISCAL YEAR

JD-11
DOL653(1)
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— e

ﬁy;%» CONFIGURATION 5B FUNDING (CASE I1I1)
2-1/2-STAGE SYSTEM
FMOF 1 = 9/79 FMOF 2 = 9/83
1.2
4 YRS
L l@ 12 FLTS
: TOTAL
1.0 FMOFI% PROGRAM
' Vo5 COST
. ! %FN‘OFZ =$10.116 B
0.9 /; % ,
0.8 , :
[Va]
% 0.7 \\ j \
: VT T
» 0.6 \
o 0.5 Iy
O . ‘i\
(@]
014 f V‘
L
0.2 / k\\ =)
ol 1/ ;
0 ] 5
72 73 74 75 76 77 78 79 60 81 82 83 & 85 8 87 88 & 90 91 92 93

JD-12
DOL65L(1)

FISCAL YEAR
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B L e S i B s
lﬁE%ﬁBEEB : ' ’ :
e SHUTTLE FUNDING COMPARISON
2.4 ~ T T T T 1 1
2.2 TOTAL PROGRAM COSTS —
TWO STAGE . § 9.8483
»»»»»» 2.0 - 1~1/2STAGE  $ 7.792B —
' : $1.868 TWO-STAGE INTERIM $10, 1448 HIGH
& CONCEPTS $ 9.7558 LOW
1.8 VAR (PHASED) —
1.6
2 {1
1.4 ; 4
S / |} _—1-81.077 11/2-STAGE
= 1.2 / a P b
& f | /7&310021 ENTERIM
ey ) | _ i CONCEPTS
O . 5:' e i %\ X %
v g iz x ;é‘f
‘a;f’ N 4_
S 7
RARE i B T =
(. > 73 74 75 76 77 78 79 & 81 8 8 @8 8 8 87 8 8 90 91 92 93
| FISCAL YEAR
- JD-7
DO 4641 (1)
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EFFECT OF EXTERNAL TANK SELECTION ON SYSTEM

PARAMETER

COMPARATIVE DATA

COMMENTS

CONFIGURATION

BOTH ARE TANDEM CONFIGURATIONS.

ORBITER HO TANK ADVANTAGES INCLUDE:
BODY LENGTH (FT) 137 120 e DECOUPLES CRBITER FROM STAGING
DRY WEIGHT (KLB) 170.4 136.5 AND ASCENT VELOCITY (REDUCES
INTERNAL PROP WT (KLB) 720 16.7 PROGRAM RISK)
EXTERNAL TANKS o LOWER PEAK FUNDING (.98 VS 1,02 $B):
SIZE DIA, & LENGTH (FT) 22 X 110 21 X 124 > SMALLER AND LIGHTER ORBITER
DRY WT (KLB) 33.1 50.4 (AS SHOWN)
PROP WT (KLB) 116.7 786.6 ‘
DEVELOP COST ($M) 181 210 @ SLIGHTLY LOWER DDT&E COST (.45 V5
DEVELOP SCHEDULE - +9 MO, 6.71 $B)
TOTAL SYSTEM H ONLY TANK (LARGER ORB{TER)
INTERIM GLOW (MLB) 5,358 4,924 ADVANTAGES INCLUDE?
FINAL GLOW (MLB) 3,694 3.339 ® ISUGHTLY LOWER WING LOADING
TOTAL PROG. COST ($B) 10, 144 10,054 (63.3 V5 69.8 PSK)
PEAK ANN. FUND ($8) 1.021 ,976 e LOWER RECURRING COST (5.2 VS 5.7 $M)
INTERIM AVE. RECUR. (3 M)]  35.1 35,2 e SMALLER (22 FT X 110 FT VS 21 FT X 124 FT)
FINAL AVE, RECUR. ($ M) 3.16 3,68 o SLIGHTLY REDUCED (BY 9 MOS) DEVELOP,
SCHEDULE ~ NOT A DRIVER
IMPORTANT BUT NON-DRIVING FACTORS
INCLUDE
» GLOWs,PROGRAM COSTS AND SENSITIVITIES
e LANDING SPEED |
150 KT — BOTH VEHICLES FOR P/L IN
117 KT — H AND 120 KT - HO FOR P/L OUT
e NO IMPACT ON DELTA BODY SHAPE
(SCALEABLE)
CB-12 73

DO 4634(1;
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'ABCORT PHASES DURIN

Abort procedure options are shown based on the two-and-one-half
stage inferim system {rajectory and periormance capability of
the orbiter.
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EEE B B mEm By
aoLEMEES - | e
g ABORT PHASES DURING BOOSTER ASCERNTY
58 INTERIM SYSTEM
T T !
ORBITER LAND AT ALTERNATE i
FIELD OR DITCH IN OCEAN. ———i= i : .
{FUNCTION OF LAUNCH AZIMUTH) ABORT TO OR2IT
20 —] z — OR COMPLETE -
MISSION
THRUST TERMINATION k
— SEPARATION — ORBITER 4q = 26 PSF
w ELYBACK TO LAUNCH
= 16 S{TE BASED ON 8 MiN, i
S : | A/B FUEL
o — __—— STAGING
<
= 12
) -
o
§—-
5 |
< 8 .
ORBITER FALLBACK .
v %REW RAPID EGRESS |
‘EJECT ON SEATS) |
T = 75 PSF AT _ j08 P
q -~ Gpaax = 478 PSF
0 20 40 &0 a2 100 120 140 150
TIME FROM LIFTOFF {SEC)
JAD-5
DO4584
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ABORT PHASES DURING BOOSTER ASCENT
5B FINAL SYSTEM
24 [
rm—— ABORT TO —zy
, ORBIT CR
R COMPLETE
i ENGINE SHUTDOWN i |
| COAST TO APOGEE | g
| SEPARATE AT LOWER s ol q = 25 PSF
T 16 = DYN. PRESSURE-CRBITER T /”g |
- | FLYBACK TO LAUNCH 4 f@.- STAGING
= I SITE BASED ON 8 MIN. gfi
o | A/B FUEL £q = 60 PSF
T 12 1 —
g | I
= l / ; E
b i v
< 8 ‘ - E | ORBITER LAND
!
ORBITER FALL BACK p | . AT ALTERNATE
— ] bm— CREW RAPID EGRESS / R U EiEid O DITCH
g EJECTION SEATS / ' iN OCEAN
4 g i S FUNCTION -
| / _ N OF LAUNCH
i Gpuax = 455 PSE | AZIMUTHS
o 2 &0 80 100 120 140 160 760 200"
TIME FROM LIFTOFF :(SEC)
JAD-4
DO4583
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DROPTANK DESIGN AND COST COMPARISON

e OBJECTIVES

o DESIGN COMPARISON o PROGRAM COMPARISON
: - ASSUMPTIONS ~ - ASSUMPTIONS

- DESIGN DESCRIPTION . - PRODUCT. COST
: COMPARISON

- WEIGHT COMPARISON
9 NORMALIZATION

: ® NORMALIZATION - NORM. ASSUMPTIONS
| 1 - - NORM. ASSUMPTIONS | - - ADJUSTED COST
- ADJUSTED WT. STATEMENT o COST COMP ARISON

JFH-1
D04279
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DROPTANK CONFIGURATION SUMMARY

e
et foESaR feae Rt )

“ﬁd b S S L s et T

A R e e s s i S e Dol N R

A

¥ \_/
14.85'—e

it

102"

!

A

~=, 17, 2"

\)s ¥

—5] <—71.5'

2
T 10,433

13, 666

12,804

28,500

LB - LH, | 42,753

56, 660

50, 600

117,360

WEIGHT | 8,571

11,058

11,950

22, 491

LOCKHEED

BASELINE CONF 'B'
LMS C— A950949
FINAL REPORT

JFH-3
D04248(1)

~ GRUMMAN

CONFIG H3-3
NASA/MSC REVIEW
28 APRIL 1971

NAR

MDAC

NASA/MSC REVIEW
12 MAY 1971

NASATMSC REVIEW
25 MAY 1971
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CHHNEED

S *am»w%‘z‘

DESIGN CRITERIA

& D?EF%MTEON COMPARISON

CRITERIA & DEFINITION LOCKHEED GRUMMAN NAR MDAC

Ny = 3.0 g. {MAX BOOSTER ACCEL), Ny = 3.0 + .25 (DMF), NY =0 % .1,
ASCENT Nx, v Nz NY’ z” * .4 g. (MAX Q) NZ =0 % 0.5, {(END BOQST - BOOSTER)
MAX PRESSLRE ULT FS. - 1.4, 29 PSIA (ORBITER IGNITION) | ULT FS - 1.4, 31 PSIG 35 PSIA ULT FS - 1.4, 30 PSIG
THERMAL PROTECTION ASCENT/DESCENT ASCENT ASCENT ASCENT
RETRORQCKET PARAMETERS 300 FPS -V 300 FPS -oV 150 FPS - &V

STRUCTURE TYPE

MONOCOQUE, PRESSURE - STABLLIZED

MONOCOQUE, PRESSLRE - STABILIZED

MONOCOQUE, PRESSURE ~
STABIUZED

MONOQUE, PRESSURE -
STABILIZED

MATERIAL ALUM 2219-187 ALUM 2219-T87 ALUM 2219-T87 ALUM 2219-T87

JOINING METHOD WELD-3OND FUSION-wWELD FUSION-WELD FUSION-WELD
SITKA SPRUCE NOSE DOME, ALUM SKIN, STRINGER, FRAME, POLY IMIDE .

NOSE FAIRING CONE, INTEGRAL CLOSE-SPACED RINGS FIBERGLASS, - AFT END SKIN, STRINGER, FRAME NONE

TANK SUPPCRTS

THRUST LOADS AT AFT END, TRUSS
STRUCTURE

THRUST LOAD AT AFT CYL, TRUSS
STRUCTURE

TRUSS STRUCTURE

THRUST LOADS AT
AFT END

" SEPARATION SYSTEM

GAS GENERATOR ~ OPERATED PISTONS

GAS GEN ~ DPERATED PISTONS

TELESCOPING THRUST STRUT,
PYRO ACTUATORS .

GAS GEN PISTONS
ON ORBITER

SRM THIOCKOL TE-M~416 OR LPC

SRM, FIVE 38-4,

CORK ~ ABLATION

RETRO PROPULSION JAVELIN SRM SRM - DEORBIT, SRM =~ SPIN SEPARATION MOTORS
15 OPTICAL SENSORS FOR LIQUID CAPACITANCE PROBE WITH
INSTRUMENTATION LEVEL 12 SENSORS PT SENSORS
NOSE CAP - SITKA SPRUCE, NOSE CONE - .
CORK, TANK CYLINDER - POLYURETHANE NQOSE CONE - FiREX 250, TANK CYLINDER SOFI -~ QUTSIDE TANK, FCAM WiTH LOCAL
INSULATION FOAM, TANK SUPPORT - CORK POLYURETHANE FOAM

ARZAS OF ABLATOR

PRESSURIZATION SYSTEM

ENGINE BLEED - WARM, HYDROGEN

ENGINE BLEED -~ WARM,
HYDROGEN

PROPELLANT FEED SYSTEM

ENIGINE BLEED - 500°7, HYDROGEN

14 IN. DIA FEED LINE, & IN, DIA PRESS
AND VENT, 2 IN. DIA RECIRCULATION

14 IN, DIA FEED LINE, 6 IN. DIA PRESS
AND VENT, 2 IN. DIA RECIRCULATION

15 IN. FEED LINE, 2N, DIA
PRESS, 2 1N, DIA RECIRCULA-
TION

12 IN. DIA FEED LINE,
6 IN. DIA VENT & PRESS
2 IN. DIA RECIRCULA-
TION

YOLUME FOR ULLAGE
RESZRVES & RESIDUALS

3 PERCENT

6 PERCENT PROPELL
CAPACITY

JFH-2
DoL266




RERE

DESIGN NORMALIZATION SUMMARY

ASSUMPTIONS

@ INSULATION FOR ASCENT ONLY
@ 0% WEIGHT CONTINGENCY
@ NO SPIN SYSTEM

ADJUSTED WEIGHT

I TEM LOCKHEED GRUMMAN NAR MDAC
DRY WEIGHT - (LB)
ORIGINAL 8,571 i, 058 It, 930 22, 49)
ADJUSTMENTS *°
' INSULATION | -1,507 0 0 0
CONTINGENCY! 0 +527 0 - 0
SPIN SYSTEM| 0 0 60 0
DRY WT - ADJUSTED 7,064 o OB,585 N, 840 22,491

*FOR STATED ASSUMPTIONS ONLY

JFH-5
D04261(1)
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WORK BREAKDOWN STRUCTURE

o

o Sl

JFH-8
DOLO79

SPACE SHUTTLZ

PRC GRAM
I T s T T T " T u}
SPACE ShUTTLE RILKALLE . : .
A CREITIR IUTASLE MAIN CORE OROP= EXPINDASLE
ST i 50CSTER ENGINE _AVIONICS CPERATIONS TANKS BCOSTERS
—1 u- e 1433 404 403 T L0s e} 14 07 ——Jui<s
o TRTIvE FUGHT TEST CROPTANK TexFino, B0OSTER
[P e ) LA-C&0T K-L7-01 w4301
. 1 T TToos
- -t sTavcTLris | SIEESES L rucw iy smlcies b= S !
SFUTTAS OPERATIONS S [ESER)
PRCGRAM Le=C2-C2 Amdd ” "
Bt ENT ~C6=C: o
MANAGEIMEN Horrmen ] [ eoroaion ] S s FTUHECE
w-C1-C2 = - [PREaELY
140203 40333
= T roem 1 S THERMAL i _—t.._rffm_.;
- B FROTECTION 5 ALB-04
. LA-C2C4 L4~02-02 “meafg;‘?\}f -
7
ICNIC iSNIC e THEAMAL
— avicnics | H AVSNITS 1 NS TRt AT IO § ""{ PROTICTICN 2
LA-C2-0S L4=C3-CS - Gy s - 4-05-03
- s JH_Ess ) EMEG., ASSY. AVIONICS &
&-02-C4 30308 ) . 4 acC/O CONTROL
,.{Ciiw stationy | L e sanioN Lo i
435, ATZCM, 1| {ACCOM _i8 srouno H INSTRUMENTATION |
anl o7 S3-07 TEST 14-L8-07
s LA07-07
FLUGHT i FUSET } . 3IPARATION/
'{ CONIFCL CON-ROL‘ S FaciuTies B STAGING
PTIeTy L4 G3-C8 wor<ca | . et
;.{ J . £ SYSTIM MEG,, ASSY,
3 5UPPORT A C/0
. UG7 4R Lo-C 307
] FROGRAM, ] GROUND
B MANAGEMENT TEST
1A=07=10 L=CE-10
14 -C2-11 U-L3-1 . \_Faciunies |
SYSTiM SYSTEM 40811
sUPPCRT 5 PPORT { Svsied
4L2-12 L-Ca-12 SLmCRT
LR nG . L TRNING B u-0e-12
u<z-13 Le<3-13 I PRoGRAn E
‘—'i_MiNAGENENT ;
> U313
PRCPIATY
L&C3-14
PROGRAM I P G
MANAGIMINT MANAGEMENT 3
“=2-18 Li=C3-15




' | -~ iNG (WBS)Y
BASES FOR GAC L ¥/ ggi “3 3 Q1000000
LEVEL3 ORBITER
{ i L | i 1
0720000 Ge025000 b P ortaaios07 - /’ fqrw,cooa 01050000 01060000
LEVEL 4 7 ’/}{ Ll ) TNSTLN ASSY
AIRERAME /épm,;:ﬁa, /&-’L}u ff:; /f/ 'w\,..:. ECLSS & CHECKOUT
S ___.._] ] .§ e ]
T Cesis100 31020100 01030100 01 ae2100 i 31050100 01060100
o MAIN ELEC -1 )
LEVEL 5 i  2£35 " ROCKET - GNaC T PonER | TRansomT - o
5-7EACES PROP. GEN SECTION JOIN
2+12200 I ov020200 01030200 C1M42230 I 5i0s0200 01056200
- W _— d 01572 3 . WATER & ]
= _SELAGE ' CRUISE g:s” MoMT CONZ-TION, SASTE INSTLN
L & CONTAOL [ MGMT
& Sk =&
: 4 01020300 01030300 0133300 " 91050300 01050300
5 « CRUISE &
35 -z3 1 ATT CONTR i a ==—d  HyZaaLLIC = “SUISE & s FINAL
Sra Sarls o INSTRUM. AVichint | rERAveLs Asse
3o M50 0102042¢ 01030200 01060400
TELECOMM & -
PEITVERAY oMms AR TRAFFIC é_;FsgrggPT
CONTROL
£ 0212500 ©1030300
m//p%s?“‘ Tl ¢ T DISPLAYS &
SPROTEC 4 CONTROLS
S e
£+ 313600 01330530 .
sz e
PRI LISIONMS INTEG
INCLUDED IN TANK COST
S 800
F_ 2= H P
— L /4 NOT INCLUDED iN TANK COST
SYSTEW
5
JFH-9
D04300 ¥
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e

BASIS FOR

GAC-COSTING

(WBS)

(CONTINUED)

>
Y
! l i i - a i E S I ES T BT oy
g e o T2 A N t
01070000 01080000 v/:,.;ﬁf.gﬁq;my 4 j ,m.mo.?m’{; 01110000 01120000 01130000
PAYLOAD TEST VEH 7 gé}:fty'g; ! p’_ﬁalT:'Z/iga’ ORBITER ORBITER ORBITER
INTEGRATION CONVERS!ON FESTINE S48 ENGRG & mf 4 FACILITIES SYS SUPT MGMT
K Ca j J o p Mr gy 2 ok TS a2 L ok 15"
01690100 01100100 01110100 01120100 01130100
SY3TEMS
s e S — S
emed  QEVIVERIF ANAL & MFG ANALYSIS PROGRAM
TESTING 7 MGMT
INTEG
01090200 01100209 i o200 51120200 01130200
VEHICLE TEST CrS PROGRAM
— — . - -
MODELS DESIGN Sooune SuPT PLANNING
ANAL £QLIP & CONTROL
01090300 01100300 07110200 01122200 01130300
S S o] _— MAINT & ed
MATL & ANALYSIS REFUR CONTRACTS
MOCKUPS PROCESSES foL® ADMIN
01120400k 01130400
8
& — CONFIG/
1 54
E. INCLUDED IN TANK COST 4 rROviston. & CATA
: & v B MGMT
7777 . M
&/ 'y 1 y .
V] NOT INCLUDED IN TANK COST PREEED REET
b . s ENGRG
PROD. GMT
01130900
pr—r MATL 01120600 31130800 |
MGMT o HDBKS - VFG
& MGMT
MANUALS
. 01131000
- 01120700 0113070¢
REPAC/TV
- TRAINING/ e SUPT
. TRAINERS MGMT
- | S ———
01131100
- 01120800 51130800
GFe | PROPELL ]
. & QA
’ GASES MGMT

99




COMPARISON OF PROGRAM COST ASSUMPTICNS

FUNCTION LMSC GAC NAR  IMDAC COMMENTS

TANK QUANTITIES - RDT&E 6 10 6 10 TANKS
PRODUCTION 450 445 445 440 SETS

FACILITIES & EQUIP. COSTED YES YES NO NO
LOGISTICS COSTS YES NO NO ?
SPARES COSTS ‘ NO 4% NO ?
GROUND HANDLING COSTS YES NO NO ? MDAC USE SATURN EQUIP
TPS INTACT ENTRY YES NO NO NO GAC IN ORBITER COSTS
LEARNING CURVE % SCOPE 92% 77%/90% 82% 85%
FEE | 10% -0- -0- ?
REWORK AND GROWTH YES YES YES ?

JFH-6
D04421(1)
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COST COMPARISONS AS GUOTED $(607:

JFH-7
D04398

103

FUNCTION LMSC GAC | NAR P MBAC VARIANCES
TOTAL SYSTEMS
RDT&E (TOTAL) 58,000 33,000 61,300 89,000 QUANTITIES — RDT&E PRCD.
FACILITIES & EQUIPMENT
PRODUCTION - LOGISTICS & SPARES
N - GROUND HANDLING
ENGINEERING 3,000 1,000 18,000 PROFIT & FEE
MANUFACTURING 414,000 104,000 214,000 TPS
: . et - . LEARNING CURVES
PRODUCT ASSURANCE 52,000 ? 27,000 = L ABOR RATES
PROCUREMENT/MATERIAL 159,000 195,000 76,000 Z;’ .
MACH. & EQUIPMENT 10,000 2,000 ~0- S
PROGRAM MGMT 8,000 17,000 -0~
PYROTECHNICS IN MFG. 19,000 -0-
PROVISIONING - 1,000 ~0-
TOTAL PRODUCTION 646,000 339,000 335,000 530, 000
TOTAL PROGRAM 704,000 372,000 396,500 619,000
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=
&
A
Gl
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NORMALIZATIO

| LMSC ~CGAC ¥

A5

!

FUNCTION LMSC GAC COMMENTS
PROGRAM ADJSLSTMENIS
QUANTITIES RDTAE 15 - 10 TEST TANKS
~ PRODUCTION ? 7 - 860 FLIGHT TANKS
FACIUITIES & EQUIPMENT 10 { 2 SEPARATE CONTRACTUAL COSTS
LOGISTICS/SPARES/GRND HNDLG { 9{ £ 15 IN OPERATIONAL COSTS
TPS ASCENT CONFIG. %_&_L - ASCENT PROTECTION ONLY
NET EFFECT 55) i
HARDWARE ADJIUSTMENTS
FROPULSION ( 74) - GAC COST 1N ORBITER WBS -
(UNCONFIRMED
SYSTEMS TEST { 12 - GAC COST 1 CREITER WBS =
| (UNCONFE
ELECT. PWR/INSTR/AVIONICS { 93) - GAC COST iN CIBITER WS -
— (UNCONFIRMED)
NET EFFECT (189 -
'COSTING
LABCR RATES ( 66) -0 LiSC INITIAL 815,90
REVISED $12.95/HR®
FEE 10% ( 64) -0~ ADIUSTED FOR NO FEE
INET EFFECT 130 o
GRAND TOTAL ADJUSTMENTS (366) { 17) PROVIDES A COMMON COST BASE
ORIGINAL PROGRAM COSTS 704 372 AS QUOTED
ADJUSTED PROGRAM COSTS 338 355 SHOWS COMMON PROGRAM

SCOPE CF EFFORT

=LMSC REMOTE SITE RATES

JFH-11
D044 00¢1)

s
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NORMALIZATION LMSC - NAR ($M)

FUNCTION LMSC NAR COMMENTS
HARDWARE ADJUSTMENTS NONE | NONE SAME BASIC SYSTEM
PROGRAM ADJUSTMENTS
PROGRAM MANAGEMENT (18) NOT SHOWN FOR NAR
QUANTITIES RDT&E - - & TANKS
PRODUCTION ( 7) 890 TANKS
FACILITIES & EQUIPMENT (10) NOT INCLUDED
LOGISTICS & GRND HNDLG ( 9) NOT INCLUDED
TPS - ASCENT CONFIG. (44) ASCENT ONLY
NET EFFECT (78)
COSTING .
L ABOR RATES (77) REVISED LMSC RATES (12.95 $ /HR)
FEE 10% (64) NO FEE ‘
NET EFFECT (141)
GRAND TOTAL ADJUSTMENT {219) PROVIDES A COMMON COST BASE
ORIGINAL PROGRAM COSTS 704 39%.5 '
ADJUSTED PROGRAM COSTS 435 394.5 COMMON PRCGRAM SCOPE OF EFFORT

JFH-12

 D04401(1)
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| ABLUNEZB

=i g

REVISED

COST SUMMARY

LMSC

GAC

NAR

MCDBAC

LMSC

pomnd

DDT&E

REC. PRODUCTION
TOTAL PROGRAM
DRY WEIGHT/TANK

AVG REC PROD, $/LB

v
550
7064

76

33
322
355

11585

31

39

530

619

22691

21

i e AR S S

(1) LMSC-NORMALIZED TO GAC BASE

JFH-14
D04422(1)
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EXTERNAL LHo TANK - COS}' RANGE

COST
$ MiLL.

JFH-13
D04424 (1)

700

600

500

400

300

200

100
é

LMSC

v

/

/é"/—SEPARATE PROGRAM

/
N L/

A
V76

\\-\

LMSC
NORMALIZED
TO INAR BASIS

—

LMSC :
NORMALIZED
TO GAC BASIS

NAR

\V4

—FART OF ORBITER PROGRAM

S/ APRIL 71 ESTIMATES
OJULY 71 ESTIMATES

= 31 /L8 AV, FRODUCTION
) REVISED TOTAL FROGRAM COST
NO FEE -4
NEW LABOR RATE -90
TOTAL REDUC =751 MILL. DOLLARS

MCDAC 7'

3 : !
8 i0 12 14 16 18 20 22

7
/



1000

800

« FLT _ DISTRI3
YR NO, FLT —
10
15
20
30
49
50
50
i
LA~
75
75
445 -

600

400

$ 1IN MILLIONS

N0 O N O L B G DN e

wond

ALIZED

NOEM

PR

1) LMSC NOBMA
TO GAC BASE
2) TOTAL PROGRAM

r.u
O

"

& , .
05— ) 20 30 i 55 5 76

E JFH-16
\9 D04236 (1)
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LOEXHETD |
,}: =i EFFECT OF P/L BAY SIZE ON GRBITER
FINAL
PARAMETER : COMPARATIVE DATA COMMENTS
CONFIGURATION L5 40F 4 . 3 O FT BOTH ARE DESIGNED TO CARRY 65K
: PAYLOAD.
) “H+ O H+ O
ORBITER | SMALL P/L BAY LENGTH IMPACT:
BODY LENGTH (FT) 99.8 120 s EXCESSIVE REENTRY HEATING
DRY WEIGHT (KLB) 122.9 136.5 (W/S = 102 PSF)
MESIQ%A?P!EE—P/L IN(PSF)| 102.3 69.8 o DELTA BODY SHAPE IS ALTERED
P/L OUT (KT) 150 150 (NON-SCALEABLE)
P/L IN (KT) 124 120 o SLIGHTLY REDUCED ORBITER
OLOW (KLB) 996.0 1,070.6 WEIGHTS AND COSTS (AS SHOWN)
SYSTEM IMPORTANT, BUT NON-DRIVING
INTERIM GLOW (MLB) 4.759 ‘ 5.173 CONSIDERATIONS:
_; FINAL GLOW (MLB) 3.036 3.339 o GLOWs, SENSITIVITIES AND TOTAL
; ~ TOTAL PROG. COST ( 3:)8 19,873 - 10,116 COST
PEAK ANN. FUND {$B .956 972 -
* FINAL AVE. RECUR g 5.54 ‘ . 5.69 © AERO AND STABILITY FACTORS
3 GLOW . 3 . | .
o e [ 2 B
? _
| CB-11 | '
DO 4632(1) - -

123
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ORBITER ENTRY HEATING BOUNDARIES

Entry heating boundaries are shown for lower -surface/body-leading edge temperature
e . o ¢ - s .
limits of 1900 F and 2300 ¥. The lower limit represents a temperature constraint

1s s 00 : .
based on a superalloy metallic TPS, whereas the limit of 2300°F is taken as the design

1 .

: . 0., . ot . .
temperature, with 200 F margin, for a TPS composed of rigid external insulation. The

2or

slope discontinuities in the lower surface curves resuit from assumed boundary layer
transition. Heating boundaries also are shown for the nosecap stagnation point and fin
leading edge. At high velocity and low angles-of-aftack, laminar heating to stagnation

N

regions is critical. At angles-of-attack greater than about 35 deg, heating on the lower

surface is critical for all velocities.




S

&E%E‘_@_&Eﬁl& . — . ; . g
= ORBITER ENTRY HEATING BOUNDARIES
300 [@=15DEG]| %01 To=25DEC] —— 2300°F LOWER SURFACE
= s — e AND BODY LEADING EDGE,
2 L Lo -
g 250 A 8250 — R 408 IN.
S = S S -~ 1900°F LOWER SURFACE
= 00 yar . = 00 .2 4,,,/ AND BODY LEADING EDGE,
a e L AT R =48 IN.
> / ) 4 ﬁ//f o
= 4 - //’/ S e = 2300°F FIN LEADING EDGE,
5 150 L 5150//;"’ R=8IN,
7{// 78 2800°F NOSE CAP
100 L7 100l R =48 IN,
10 15 20 25 30 10 15 20 25 30
VELOCITY (1000 FPS) VELOCITY (1000 FPS)
MO rTa=sDec 300 =45 beG | M Ie=3pic] |
= - o -T2 o 4~ AN
=] S~ g |
- e s il SR
w20 P4 200 ydl i T on R /#,/ f
a 200 4 / 2 E e ,;f/ L5! 200 e // i
s’ 4 .
= VA7 2 V7 > VA |
5150 47 =R ; F 150 . ;
< % 2 0 p )4 > 4 -
!’ /, 7 ,
100 /4 100 A// 100 /{// J
10 15 20 25 30 10 15 20 25 30 10 15 20 25 30
VELOCITY (1000 FPS) VELOCITY (1000 FPS) VELOCITY (100C FPS)
GA-2

DO4579

137



bringam]

T Ry AR IR AR
g." i WM)@ E&&A&@Q fé&{l‘- .ff‘g EERoN T E;,, i

LOLKHEED ‘ - ,
== : ORBITER COMPOSITE HEATING BGUNDARIES
1900%F LOWER SURFACE 2300°F LOWER SURFACE
1900°F BODY LEADING EDGE, R = 48 IN. 5300°F BODY LEADING EDGE, R = 48 IN.
2300°F FiN LEADING EDGE, R = 8 IN, 2300°F FIN LEADING EDGE, R=8IN.
2800°F NOSE CAP, R = 48 IN., 2800°F NOSE CAP, R = 48 IN,
280 2807— .
260 260 /j:; '
220 220
£
iy o
i 200} S 200
o o
o v
O 1L
N % “
=2 =
= =
= 160 16
<
140 140555 =
120 120F >~ 15DEG
00— 78 20 22 22 26 ' 12 14 16 18 20 22 24 26
GA-3 VELOCITY (1000 FPS) VELOCITY (1000 FPS)
DO4580
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ALLOWABLE ENTRY.WING LOADING

Allowable entry wing loadings, based on wing-level flight at peak heating, are shown

for lower surface temperature limits of 1900°F and 2300°F. Two wing~loading scales
are used: the lefthand based on aerodynamic reference area and the righthand based on
total planform area. For either lower surfzce constraint, the maximum allowable wing
loading is a maximﬁm at a vehicle angle-of-attack of about 40 deg. With a 2300°F limit,
the maximum reference wing loading is about 108 psf, whereas, reducing the temperature

. . L O 1.2 ™ -
constraint to 1900 F lowers this value to 52 psf. The effects of nosecap and fin temper-

ature constraints also are shown for radii scaled with vehicle length. At low angles-of-

attack, these limits significantly lower the allowable wing loading.




SR i eusid

GA-1
DO4578(1)

ANGLE OF ATTACK (DEG)

141

ANGLE OF ATTACK (DEG)

5 =3 B
EDMINHEED R )
=i ALLOWABLE ENTRY WING LOADING
——  2300°F LOWER SURFACE ——— 1900°F LOWER SURFACE
. {ZSOOOF FIN LEADING EDGE _____£2300°F FIN LEADING EDGE
2800°F NOSE CAP 12800°F NOSE CAP
120 , ; ,
Lope = 100 & 150 Frj\ - SYSTEM — 80
100 A = ——sc— |
i’ 4
o | — 60
80 L1
| // ‘ I .
;’ / i85, 5A, 5B, 5D
4 — — B .
:’g 60 ; f =% 2"12C *{Loce =100 & 150 FT —140 [%}
REF, MAX i ;l | A— PLAN, MAX
40 !‘R’_ — 1 A -
/ R lpee =150 FT /
!/ - /i /-JL = 150 F7| %
i S, REF T
20 PN A7
A/ RLppe =100 FT — a4 ~
£ A VAR .
/4 47 ~Lpp = 100 FT
0 ' ‘ 0
0 20 40 60 0 20 40 60



ORBITER PEAK TEMPERATURE ISOTHERMS

Peak temperature isotherms experienced by various orbiter configurations during
entry are shown. For all configurations, pesk heating to stagnation regions occurs
at pullup following the initial plunge. For Cenfigurations 1, 2, and 5B, temper-
atures at these locations increase with wing loading since the radii are scaled with
* vehicle length. Excepting 5C, all orbiters generate 1100-nm crossrange without

1 exceeding a lower-surface limit of 2300°F. This is not true for the shorter higher

wing-loading orbiter 5C. To achieve 1100-nm crossrange with this configuration,

. o
results in peak lower -surface temperature of 2600 F.




] oo ] oy AR

== ORBITER PEAK TEMPERATURE iSOTHERMS

1
2
‘f%
|

1100 NM CROSSRANGE

2890 STAG. PT.

LOWER N NN

23002200 T — 0 _=2200 |
BODY L, E. 2160~/ \ | 5ODY L. £, 2190~ —~

1800 | ' 800 |

CONFIGURATION 2
) FIN L, E, 2320 , IN L, E,
W/Sggp = 57 LB/FT W/Sper = 64.2 LB/FT2 2370

UPPER
LOWER

CONFIGURATION 1

2940 STAG, PT. 3100 STAG. PT. -

UPPER
LOWER

\—

. g4
BODY L. E. 2380j

= N_2000
FIN L, E, 2400 -+ FIN L, E. 2540 5"\

CONFIGURATION 5B : CONFIGURATICN 5C

W/Sorp = 70.2 LB/FT2 NOTE: 5
Rer = 70- HEATING COMPUTED USING +  "W/Spep=102.3 LB/FT

NASA THERMO PANEL
RECOMMENDED TECHNIQUES.

GA-4
DO4585{1)
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CONCLUSIONS

1. PHASED BOOSTER DEVELOPMENT SAVES 896 M/YR PEAK ANNUAL FUNDING.

2. EXTERNAL H AND-O DECOUPLES ORBITER DEVELOPMENT FROM STAGING, OFFERS LOWER
SYSTEM DEVELOPMENT RISK AND MINIMIZES S1ZE OF ORBITER.

3. LARGE PAYLOAD BAY RELIEVES ENTRY HEATING AND DOES NOT iNCREASE COST
SIGNIFICANILY. '

JTL-14
DO4658
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PARALLEL VS TANDEM STACGING

The tandem configuration (2C) requires an interstage which weighs approximately
16,000 lIb. No interstage is required for the parallel configuration (2). This weight
is expended during interim operations and becomss a part of the boosier reusshle
structure during final operations. The effect of this structure is o make the tandem
total cost $389 miilion higher, the peak funding $42 million higher, and the recurring
cost of the final system $390, 000 per flight higher., However, the extremely difficult
abort or staging separation associated with the final parsilel configuration (2'} an

the fact that this configuration experiences quite different interim-to-final ascent

aerothermodynamic environments favors the tandem configuration (2C).

SF5 | 146
D04562 (1)

Pricdinkes.



s W E.Mm o W o S5 S Yol A g,wﬁ Gos it [ES gt B el [ERETR
apeaneen PARALLEL VS TANDEM STAGING
AL S =

INTERIM s

PARAMETER

COMPARATIVE DATA

COMMENTS

CONFIGURATION NO,

FINAL BOOSTER DRY WT
(103 L8

EXT. TANK DRY WT
(103 L)

FINAL GLow (10% iB)
TOTAL PROG COST (8107)
PEAK FUNDING ($10°)

FINAL RECURRING COST/
FLIGHT (8109 _

STAGING AND ABORT

ORBITER COMMONALITY

2 (PARALLEL) 2C (TANDEM)
DIFFERENT SAME
ASCENT ASCENT
ENVIRONMENT ENVIRONMENT
387.1 462.4
17.1 33.1"
3.32 3.69
9.76 © 10,14
0.97 | 1.02
4.77 5.16
DIFFICULT SIMPLER
SEPARATION SEPARATION

SAME SIZE ORBITERS, BOTH HAVE
EXT. LHZ, SAME INTERIM SRM,

FIGHER TANK WEIGHT OF 2C
(TANDEM) DECREASES PERFORM-
ANCE AND INCREASES COSTS,

BUT MORE DIFFICULT ABORT OR
STAGING SEPARATION OF 2 AND
DIFFERENCES IN INTERIM TO FINAL
ASCENT AEROTHERMODYNAMICS OF
2 FAVOR THE TANDEM
CONFIGURATION,

THEREFORE, TANDEM IS
RECOMMENDED,

#*INCLUDES APPROXIMATELY 16,000 LB OF INTERSTAGE

SF-5
D04562(3)
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TANDEM VS PARALLEL STAGING ADAPTER CONSIDERATIONS

T PR P AN o - 4 - S e T ty g - - 3 - 20 —- - PO S R £
The necessity 0 an adapier oY ntersiage strueture hetiveen the DOCSISY 2NG 1ands OF

2 3 : - [, P . p ~ N _
the tandem configuration constitutes a penaity over the paralliel configuration, where

adapter structure is integral with the booster upper surface. This effect can be mini-
mized through clever design -~ the ideal solution heing to-incorporate as much as
& =3 =)

possible into the booster as recoverable structure as shown in Configuration 2. The
present periormance and cost data are based on Configuration 3 where

16000 b of expendable siructure.

=

=7y
=
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TANDEM VS PARALLEL STAGING

iﬁ("&wﬁ:k@
“\";‘é '
ADAPTER CONSiDERATIONS
CONFIGURATION ADAPTER COMMENT
® : ,-f‘L\ e JETTISON WITH
2 INTERIM ™2 Ste-im . ’ j—a<_7 SRis
(PARALLEL) T {zj ‘
et W T o ¢ ADAPTER INTEGRAL
2FINAL - = PART OF BOOSTER
2C INTERIM I -
@ = | - o JETTISON WiTH
(TaNDEM) TR T = 3 SRMs
™~ - .
2C FINAL v
= — e |
' ja o ADAPTER TO ORBIT
CONCEPT 1 z
@ SHORT SKIRT TO ORBIT
CONCEPT 2 REMAENDER INTEGRAL
WITH BOOSTER
CONCEPT 3 e JETTISON ADAPTER
SF-2

DO4557



SRM STAGE SEPARATION

The stage separation for configurations with single stage boosters is comparatively

straightforward as indicated on the chart. Buch an arrangement requires only one

joint and cne separation device resulting in a single separated unit being longitudinally

decelerated by retrorockeis.

The two- stage beoster configurations, on the cther hand, present a rather complex
separation problem. The 120-inch SRM configuration has five motors in the first
stage, two of which can be conveniently coupled structurally. Because of the thrust

1

alignment probiem, the attachment of the othexr t

o

4

nree motors is not as convenient,
resulting in a need for them to be separated independently. If these three mf‘tors
could be structurally integrated, the numbers of separated units would be reduced
from four to two, but the number of separation devices would be gbout the same. Of
the two-stage configurations, the one with the 156-inch SRMs is obviously the more

desirable.

past
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SRM STAGE SEPARATION

b R A By B s s e e A

SECOND
SEPARATION

DENOTES 2ND STAGE

1b3

FIRST SEPARATION —
FIRST SEPARATION

£ S
S/ £ /1STAGE — 120 IN, SRMs S/ & / 1STAGE — 156 IN. SRMs
s/ & s/
5/ & 5/ &
o'/ & 0"/ &
</ 8 T/ &
7 ; ety
STAGE 1} 1 R~ g 5 @?3 STAGE 1} 1 1l [ 5 2:;3
SEPARATION SEPARATION
/ 2 STAGE — 156 IN,
STAGE 1 STAGE T 2 6 ::7
— [T =00 0w
4 &
STAGE 21 1 1 1§ ; STAGE 2} 1 1 | |
FIRST v !
!. SEPARATION |

(END VIEW)
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OPERATIONAL DIFFERENCES ~ PARALLEL VS TANDEM

HANDLING LAUNCH TANK MATE
& STORAGE EQUIRMENT OPERATIONS
INTERIM =~ FINAL 2
STORAGE o 2 JANKS
PARALLEL a
CONFIGURATION /, | i
2 1
L’f AN
['L—J‘J = $31.2M
$15M (2EA) $12,58 CCST DIFFERENCE
EG, _ ——— OF 50,1 M IS NOT
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PARALLEL VS TANDEM: BOOESTER

Weight penalty on the heatsink booster for a tan

WEIGHT COMPARISON
dem system compared to a ﬁarailel

L LALD

system is based on preliminary loads and structural analysis of the beoster. The weight
f

increase is primarily in the top sicde of

T, 1 Yras 3

3

ank is designed by other load conditions and, hence, is unatl

arallel to tandem orbiter mounting. The weight “ena}_ty

hydrogen tank; the boost

A Ty 43
ed by the ¢

1

e acee

shownin t

includes the interstage support structure for Lh andem system.
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PARALLEL VS TANDEM: DRCPTANK WEIGHT COMPARISON

The liquid-hydrogen, external, bottom-mounted tanks (tandem system) are heavier than
the side-mounted tanks (parallel system), since in the tandem system the tank must

: transfer the orbiter lcads to the booster.

When both liquid oxygen and liquid hydrogen are carried in external tanks, the hydrogen

tank must be stiffened to carry the increased loads from the liguid cxygen, and, thus,

the difference between a tandem and parallel system is greatly reduced. The unit weight

! (1b/ft2) of the droptank for the tandem system is slightly larger than for the parallel -

system; however, in the parallel system, the propellant is contained in two droptanks,

i while the tandem system uses only one droptank. This, combined with the added system
' complexity of using two tanks, results in the total droptank weight being somewhat less

for the tandem configuration. This complements the lighter orbiter vehicle weight
obtained in the tandem configuration (since the crbiter does not have to transfer any of

S the ascent propellant loads to the bccoster).
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SELECTION OF INTERIM BCOSTER CONFIGURATION

Accepting the advantage of the 156-inch configurations in weight and cost, the question

of the number of stages remains. The two-stage configurations offer some advantages
over a single stage in weight and cost, but these must be balanced against system con-
siderations which are not so readily apparent. For example, the single s'tage has
advantages regarding stage separation and siructural design. Furthermore, the weight
and cost advantages of the two-stage booster would be mitigated if a staging "Q'' con-
straint was imposed (present dynamic pressure at first separation is approximately 360
psf). Bascd on the current analysis and data base, it is recommended that future activity

emphasize the 156~inch single~-stage booster.
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156 IN/3 . 15.0 1 st 32, 9
/ 1,192 | RISK 3.5 134 357 2.2 116,11 967
452K/ towest 7 2.y
120IN./9 /1 14 5 2 3 08
/ I e /1 14,750 K(5,830 K1 “5 %0 128 212 | 5.0 0 { 468 | 39.0 {10,080| 987
896 3
1561N. /4 ¥ | ow i1 ag00 ks, kY 62 | ase Liso | 32 | a0e | 3.0 Lio,nsl o2 @ :
1,806 K| RiSK 2.5 ' 1 STG-156 N,
~lam e 3.5/ D) ey
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2 STG-150 I,

120 IN, D VS 156 IN. ISSUE

® 156 IN,DIA ALLOWS FEWER SRMs

COMMENTS
@ 156 INLRESULTS [N LOWER GLOW
AND PRCG COST
® 156 IN, LEAST COMPLEX STAGE
DESIGN
RB-8
DO4575 (1)

SINGLE VS TWO-STAGE ISSUE
@ SiINGLE IS LESS COMPLEX
B
@

TWO-STAGE HAS HI-Q

157 SEPARATION
TWO-STAGE REQ MULTIPLE
UNIT SEPARATIONS

RECOMMENDATION

© SELECT 156 IN. DIA,
@ SELECT SINGLE STAGE




e s
exmEEE INTERIM CONFIGURATIONS
N SOLID ROCKET MOTOR CHARACTERISTICS
.o /S < & g
L0 /050 e /O ¢/ /S s /S /S
SO /X85S SO/ QX /R N NI 3
SSOG /IEOL /4 & NP AN O RE QLD /0%
SO SESY /¥ S/ I G SE) Sa IS/ ON
\Z\@ &S NNV o /& & N /
5/2 1.328 | 750/853 | 9.4 |240/269| 103 | 0.527 0.892 | 992 7.2 0=
: 2 STG-120 IN
AME|AS
SAMEIAS ABOVE 2 STG-120 iN.
2/1 3.15  [1000/1200] 9.3 |247/269] 85 1.192 0.879 | 1266 | 7.1 @;————gfm
S I=120 5N,
P P )
$/0 0.875 |750/853 { 10.0 |240/270] 150 0.507 0.892 937 | 6.9 1S —
1 STG-120 1N,
4/0 1.745 | 750/1000| 10.0 |240/270] 141 1.006 0.891 1083 | 6.0 IGBF—RE—=
, _ 1 STG-156 IN.
. : =
3/0 2.328 |750/1000| 9.2 {241/268| 141 1.339 0.893 | 1415 | g.p jogid
s )
5/2 1,328 750/853 | 9.4 1240/269] 103 0.527 0,892 992 7.2 RY
3/0 2.14 750/1000| 9.8 i240/270) 140 1,221 0.893 | 1299 | 7.3 —
: 1 STG-156 IN.
NOTES: 1. FLEXIBLE SEAL NOZZLE WITH MAX DEFLECTION ANGLE OF = 8 DEG
2. THRUST TERMINATION AND TVC ACTUATION SYSTEM WT NOT INCLUDED
3. STRUCTURAL DESIGN STRESS = 200,000 PSI PLUS SAFETY FACTOR OF 1.25
CB-8 4. INSULATION SAFETY FACTOR OF 1.5
DO 4576 5. PBAN TYPE PROPELLANT
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INTERIM BGOSTER SELECTION

ISSUES

120-I1N, DIA. VS 156-IN. DIA. SOLID ROCKET MOTORS {SRMs)

2. SINGLE STAGE VS TWO-STAGE BCGOSTER

APPROACH AND GUIDELINES
 DEFINE THE FOUR LAUNCH SYSTEMS AND COMPARE:

PERFORMANCEMEIGHTS

AERO STABILITY AND TVC

STAGING/SEPARATION

ABORT REQ./THRUST TERMINATION

ACCOUSTICAL

@ ® D B D

ENVIRONMENT

POLLUTION -
FACILITIES

GROUND OPERATIONS
SR DEV. RISK
SYSTEM COST
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INTERIM BOOSTER SYSTEM PERFORMANCE GROUNDRULES

A e P b s o 5 i : b R

CONSTRAINTS

" e EACH CONFIGURATION HAS COMMON SRMs
® MAXIMUM DYNAMIC PRESS < 500 PSF
e MAXIMUM ACCELERATION = 3G
e STAGING VELOCITY =« 6000 Fés o
o MAXIMUM Qa < 2500 PSF - DEG
o INTERIM AND FINAL SYSTEMS SHALL HAVE A COMMON {NTERFACE

o FINAL ORBITER PERFORMANCE USED FOR SIZING INTERIM BOOSTERS

RB-7
DO04558
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GUIDELINES

o CONSTRAIN TO STATE-OF-THE-ART
@ EMPHASIZE SAFETY

GROUNDRULES

s STEEL CASE STIFENESS
e PBAN TYPE PROPELLANT SAFETY
FLEX SEAL NOZZLE | WEEGHT -
BURN RATE AT 1000 PS1; 0.3 <r, <0.6 ______ SOTA

CASE LD RATIO S8.5:1 | SOTA
STANDARD S.L. I, = 245 SEC. SOTA

NOZZLE EXIT DIA. = CASE DIA. | NTERFERENCE

THRUST TERMINATION REQ. : SAFETY

€5

® & B D @

RB-6
DO4553
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LSLXREED - S
== CANDIDATE INTERIM BOOCSTERS
< _}ﬁ‘ Loge = 112FT
H
C__HO
FIXED ORBITER CONFIGURATION
@ 120 IN, SRMs 156 IN, SRMs
. \ , . @
SINGLE 5 9 ° g ' .
STAGE TTE % | ~ @
9 - 120 IN. SRMs : | 4 - 156 IN. SRMs
PROP, WT = 452K EA © % PROP, WT = 896K EA
Q SRM WT = 507K EA ) SRMWT =1,006KEA
T = 875K EA 2 T =1,745K EA
St : St
STAGING L /17 RM DIAMETRR <
COMPARISON ' \3_3 W <\6 :
' o ! ®
TWO ‘ i
STAGE ——-—5 %5 =t = oD
5+ 2 120 IN, SRMs % 2 + 1 156 IN, SRM
PROP, WT = 470K EA . PROP, WT = 1,047K EA
SRM WT = 527K EA | SRMWT = 111922 EA
T, _=1,328K EA %\ Te, = 3,150K EA

® DENOTES SECOND STAGE.
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SRM STAGE ARRANGEMEN

T (CONFiG. 5B} {CONT'D)

GH-1F
¢ LE25

SICTION £-1

DETAL N

T 1zt
GROUND SUPPORT FITTING
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MOTOR cASE —— = 5
SKIN - - \\&\\ e
"""""" =
S r.
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CETAiL OF TYP MCTOR SKIRT
oftal, A L size
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/—1-LU‘: FITING

FELUG FITTING
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TVC POWER AND ACTUATION SYSTEM

A high-pressure, 4000-psi hydraulic system driving linear hydraulic actuators has been selected.  Practical

‘alternatives of furnishing the hydraulic energy are a gas~turbine driven pump and a blowdown system using a

cold-gas-pressurized hydraulic fluid reservoir. In comparing these aiternatives, compaciness and low weight
with the turbopump system and simplicity and reduced cost with the other system are traded. Either system is

within the state-of-the-art, and for both systems, compounents of the size required are not existing. °

Gas driving the turbine is provided by hydrazine monoprepellant decomposition to permit adjusting the con-
sumption for varying power demand. The constant-speed turbine drives a pressure-centrolled variable-

displacement hydraulic pump to mzaintain operating pressure.

Two redundant power systems are used.- One system proves the power under normal operating conditicn with

the standby system idling during the entire cycle. Prior to liffoff, the lines are pressurized by small electric-

“motor driven pumps to prevent turbopump overspeeding, Two redundant shuttle valves at each actuator isolate

the standby power system from the actuator valves as long as the primary system pressure is maintained within
vl 1

design tolerance. If primary pressure drops below this limit, the shuttle valves lock out the primary system

and connect the supply from the redundant system.

Flow into the actuators is controlled by a majority-voting, tripie servo-valve unit, which receives three
separate command signals from the vehicle guidance and control unit. Triple seals are installed on actuator
pistons and rod bearings to protect against fluid loss. If hydraulic power is lost, the spring-torque of the nozzle
seal and the torque produced by the internal gas flow in the nozzle act to return or maintain the nozzle in the null
position. -

Individual and fully independent power systems are being used with each SRM in a stage.
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TVC ACTUATION/POWER SYSTEM

POWER SYSTEM NO, 1

HYDRAULIC PRESSURE 4000 P! FULLY REDUNDANT

R LIy DUAL START SIGNAL L
OPERATING | {  1DRY WEIGHT, LB T
N, MAX DEFLECTION 8 DEG/ i | RUEL & PRESS s g
MAX SLEW RATE 20 DEG/SE PoA
MAX ACCEL. 1RAD/SECZ T | Z:{?ﬁ%é PLUMBING - 571
e 1 i L
Y MAXACT. TORAQUE 2.7X 107 INER | ACCESSORIES 150
—————— -
____________ U
@ ‘-"*——’? AEE
TOTAL 8561 SysTEM MO, 2
MAX APU POWER 260 HP | Lo CABABILITY
DUTY CYCLE 12,500 HP-SEC  FLUIDS 1100%
|

|
!
|

0 N2 Ha & N2 4
1 5
|
{

mmmmmmmmmm:mmmﬂ@mmﬂmmmnmmmaswmaﬁsj

- 8
’ HYDRAULIC 6, IDLING
TOTAL 104
| SYSTEM PER SRM 950 ;
e
—
¥ ___} g
P
b
5, o % ('."' A § Y o s e s e e -rsg
PRELAUNCH éi_,, i o X SIMILAR
SIGNAL CONjT{—R;LS TO PITCH
GP‘RCO\&‘;’& - T‘ Gi HYD “PLANE
= GCGLUIF {PUMP ~
3 ,i L RIA ~—ACTUATOR WITH
1 - EECT 39 R , TRIPLE SEALS
L WMOTOR bz 2 SHUTTLE V. SYST NO. -
v PREFERENCE PARALLEL ~ MAJORITY VOTING
] CHECKOUT e REDUNDANT SERVO SYSTEM
MANUAL DISCONNECT CAPPED VEHICLE CONFIGURATION 5B
: WN-1

DO41555 133
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SRM BOOSTER BSUBSYSTEM INERT WEIGHTS

This charﬁ compares the relative weights of the individual subsystems (except SRMs) in the

booster stages for the different orbiter-bocster tandem configurations.

Insulation. Weight data reflect the requirements for the insulation of the peripheral and base

surfaces of the stages.

TVC. Shown are the relative total weights for the TVC power and actuation systems ({individual

and independent systems for each SRM). Differences are due to the number of subsystems in the
stage and to the required deflection angles, determined by the individual requirements for control
authority and for c.g. tracing of the different configurations.  With the tandem configurations
considered in this comparison, nozzle cant angles vary from 2 deg with configuration (58) to

5.3 deg with configuration (5D), and deflection angle requirements from +* 8 deg with configura-
tions (5A) and (6B) to =10.3 deg with configuration (5Dj).

Thrust Termination. The large variation between the weights of this subsystem reflect the

interface problems encountered with the installation of this system in the booster stage. Use of
single ports and of extended stack lengthe to avoid impingement on the orbiter results in considerable
weight increases over the basic design using two ports with short stacks. 1so of influence is the
selected MEOP of the SEM, and this parametler has not yet been optimized considering ail related
effects on system.design, performance, and ’{Véight.

Separation.  For all configurations, only systems employing auxiliary rockets for providing

the separation impulses to the separated stage were considered, and all systems are divided

. into three independent sets of rockets, of which two sets combined are capable of furnishine the
by o

required impulse and where the third set provides full standby capability for a single motor
failure in each set. The differences in percentile weight refiect whether only axial, or a
combination of axial and lateral impulses, was assumed required to satisfy the peculiar separation

condition of the individual configuration arrangements.
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3 SRM BOOSTER SUBSYSTEM INERT WEiGHTS

’ | | PERCENT OF STAGE INERT WEIGHT
= |9 @B B |©
@2 STG-156 IN. &?2@ , 2 STo-130 INL| <P
1 STG-120 IN.| 1 STG-156 1IN, 1 STG-156 IN
15T STAGE '
20
STAGE
- 2ND
S st ) '
, T OTHER & ' ZND /
?3 2 15| CONTING ENCY— — 1/,
b = / 7 //// ///
' ”ZJ SEPARATION // 7//
= . , ) 77
2 THRUST TERM —— // 7777 | Lt
»n 10 ) '/ .7 207,
L TVC 777/ /i:f 5 . (/L
O INSULATION —— o //,% // // 7
4 =" N mm
(35 /
0 IR 7 7 -
= . | STRUCTURE .
’ o / / //_//‘ / _ vy,
| | /// ‘ /;
, ‘ / 7 /// /
o ’ /ARy
1 // I e, R 1
STAGE A | 0.858 0,859 0,868 0.871 0.870 0.870 0.877
*
TOTAL SUBSYSTE : ;
3 Weiant s T s 27.0 1240 90.0 71.0 26,0 65.0
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SRM BOOSTER STAGE INERT WEIGHTS

This diagram shows the results of weight analyses of the five interim systems with tandem

orbiter-bocster arrangement, where the particular load, operating, and interface conditions

affecting the design of the stage structure and subsystems are accounted for.

Using the difference between stage mass fraction and SRM mass fraction as a criterion for

the stage inert weight evaluation, it appears that the number of SRMs in a stage is the

predominant factor (substantial increase in subsystem weight with increase in number of
SRMs), as evidenced by comparing configurations (5) with (5D), (5D) with -(5A), and
(5C) with (3B). Onthe other hand, no significant trend becomes evident in comparing

single-stage configurations with two-stage configurations, since a reduction in stage sub-

system weight occurs from single= to two-stage designs with configurations (6D) to (5A),

and no change occurs between configurations {5) and (5B).
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SRM BOOSTER STAGE INERT WEIGHTS

——%
2 STG-156 IN. 1 STG-120 IN.I 7 1 STG-156 IN. 2 STG-120iN.| 1 STG-156IN.
- OTHER
5R3/ SUBSYST.7
0.6 e
ﬁ N
=2 05 N — K
] . R N -
z3 STAGE STRUC- AN STAGE ca
URZD = W‘;;
55 0.4 NN
T 15T
<G 157 SLLAS '
e S e
0. 31— NN
— SRM
0.2l _2ND | |
R _2ND
0.1 - e
X SRM 0.878 0.878 0.892 0.891 0.892 0.892 0.893
X STAGE 0.858 0.859 0.858 0.871 0.870 0,870 0.877
WN-4
DO 4628
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INTERIM BOOSTER CONTROL DESIGN CRITERIA.

@

GA-13
DO L4623

STABILIZE AND CONTROL COMPOSITE BOOST PHASE

MINIMIZE DRIFT FROM NCMINAL (NO WIND) TRAJECTORY WITHIN «§ CONSTRAINT

CONSTRAIN oq TO LESS THAN 2500 DEG-PSF

USE LOADS DESIGN WIND/GUST (90 FPSI1000 FT SHEAR, 25 FPS (1 - COS)
GUST}

WIND AND GUST PEAK SIMULTANEQUSLY AT THE ALTITUDE OF NOMINAL PEAK
DYNAMIC PRESSURE

WIND FROM WORST AZIMUTH

NOMINAL (NO-WIND) ANGLE-OF-ATTACK IS SMALL (<§ DEG) AT MAXIMUM q
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SRM GIMBALLING CAPABILITY ADEQUATE
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%NO. 2 INTERIM
INQO, 53 INTERIM ,
_ AVAILABLE MAX DEFLECTION RATE

]090 20’0 ///// L2 bl lohr b bk Lottt Ll L Z yav Ayl yva M
[5) o , i
et L ANO, 2 INTERIM
2 > ONO. 5B INTERIM
Z 0l
e =
I REQUIRED TOTAL
A PITCH DEFLECTION (75
% 5.0 S 10.0F
z =

w REQUIRED GIMBAL RATE

s iM PITCH

>

z

<

el el
L"ﬁ\"'zoea 3000 4000 AV 2000 3000 4000
{qot) MAX (PSF-DEG) {(qa) MAX (PSF-DEG})

NOTE: MSFC WIND AND GUST CRITERIA ASSUMED.,

GCA-11
Do k621 203



SRM PERFORMANCE

The single-stage booster motors are characterized by an approximate 145-second burn
time with MEOPs of 800 psi for the 120-inch diameter motors and 1000 psi for the

156 ~inch diameter motors. Motors for the two-stage booster are characterized by an
approximate 95-second burn time with MEOPs of 800 psi for the 120-inch diameter motors
and 1200 psia for the 156-inch diameter motors. Mass fraction values do not include
the weights for thrust termination provisions, nor for the TVC actuation system. The

specific impulse points represent delivered values.

Circled data points are values calculated by LMSC motor performance and design programs
for the vehicle configurations denoted on the abscissa line. MECPs have been chosén

to allow expansion ratios that will deliver near-maximum average spécific impulse for the
first-stage burn. Further efforts are including the effect of MEOP on mass fraction.
Minimum port-to-throat area ratio has been limited to 1.5 to minimize initial internal

pressure drop within the grain port.
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SRM COSTS - MOTOR ONLY

SRM development and recurring cost estimates as a function of propeliant weight
and case diameter were received from two subcontractors. There is a compara-
tively large disparity in the estimates for 156--inc}‘1 development costs, but fairly
good agreement for recurring costs. The slopes of the curves for the latter are at
variance, however. LMSC reviewed the subcontractor data and then estimated the

costs of the four SRM sizes as indicated by the solid dois on the chart.
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mf_‘iw%f SRM COSTS - MOTOR ONLY
! DEVELOPMENT } RECURRING
: 90 /f@\ | 7 ; } - {
NOTES:
' A SRM CONTR, A
8 : £ 6 ] SRM CONTR, B
o 20 X 10° L3 PROF'T
. Z PER YEAR
2 / S
o70 ~3-156 INL DIA; 7 § 5 R R—
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= -
g}.
=60 2 4 (_
o o
W = [
2 > /
8 i_—' o
Z 50 = @
= O A7 1156 INL DIA;
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L zZ 5o i _
2 40 g 20 : '
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| 30 | 1
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LOLNHEED ' : ' '
Baad INTERIM BOOSTER COSTS {3 MILLIONS)
DEVELOPMENT RECURRING
{EXCLUDING FLT TEST AND FACILITIES) (COSTS PER BOOSTER)
20 19.7 —
117.1
11.9
INTRG | 16.3
1004 13.7 - 15 || |
< SYS SUPET _ 9305 91.5 | < 14.2.
= 9.5 9.4 = 12.4
g ssld 40,0 || 11.0 | ¥ 0.7 i
O | BOOSTER £3.3 %
Lt DEV ° C 10 — e — -
= 25.0 6.5 G
8 sl | o454 L4 74 b E
-3 ’ ' -
'-—
% 23.4 A
3. 5‘@5 [ 5'— A — e -
2500 SRM 48,0 1 - B
. DEV :
26,0 26,0
] 0 . 0
| VEHICLE 5 58 5D 5A 5 58 5D 5A
SRM DIA 156IN.  156IN. 120 IN. 120 IN. 156 IN.  1561IN.  120IN. 120 IN.
STAGES 2 1 2 1 ., 2 1 2 1
JD-3
DO L4619
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=252 INTERIM SYSTEM RECURRING COSTS ($ MILLIONS).
CONFiGURATION
54 58
COST ELEMENT (1 STAGE - 120 iN.) (1 STAGE - 156 IN.)

a1 SRMs |S2-BLB X 1.000 MLB x 4 MOTORS $ 11.8

"M 1435308 x 511 MLB x 9 MOTORS $ $16.2
(3) BOOSTER STRUCTURE AND SUBSYSTEMS 1.5 1.0
(C) LAUNCH AND TURNAROUND gPS (AT $25.2 |

MIYR) 8.6 8.4
(D) ORBITER TURNAROUND HARDWARE - 0.56 0.56
(£} EXTERNAL TANK (=47,000 LB} (FIRSTUNIT 4,75 4.75
(F) INTERSTAGE (-17,0001B) (FIRSTUNITY 2.2 | 2.2
() AGE MAINTENANCE 6.7 0.7
() SYSTEM SUPPORT [.15x(C+D+6) 1.65 1.45
(1) MGMT AND INTEGRATION (1.3 PERCENT | |

OF ALL ABOVE! 3.99 3.45
rOTAL INTERIM RECURRING COSTFLIGHT 439,25 $33.81 M

8- |
DG4855 (1) | | o 211



ACOUST!C ENVIRONMENT

SRM BOOSTER ENGINE N
CONFIGINOZZLE | CLUSTER ARRANGEMENT] ENYIRONMENT REMARKS
NO. |EXIT PLANE|s DENOTES S e
| STA (FT) SECOND STAGE DECIBELS
ORBITER 4 (1) CONSIDERS ALTERNATE FWD SRM LOCATION
oo &I 1AT H{2) LIFTOFF ACOUSTIC EXCITATION OF AFT
o o rg]52158i§52%67]‘ SECTION AND CONTROL SURFACES IS INTENSE
2 160 ° 40 L | %70 (3) ACOUSTIC ENVIRONMENT IS A PRIMARY DESIGN
STA.O CRITERION
120 IN. SRMs ’ (4) SIGNIFICANT INFLUENCE ON TPS DEVELOPMENT
: COSTS AND POSSIBLY RECURRING COSTS
) A1 1(1) MODERATELY HIGH EXCITATION OF AFT
2 245 o® % y 11" SECTION |
Yo |1 29h 50l 5060l 12) SHOULD NOT PRESENT SIGNIFICANT IMPACT
120 IN, SRMs ON STRUCTURES AND TPS DEVELOPMENT COSTS
0560 T $=1(1) ACOUSTIC ENVIRONMENT COMPARABLE TO
2C 240 000 | . CONVENTIONAL SPACE VEHICLES
1471149115011581 1(2) NO IMPACT ON STRUCTURES AND TPS
120 iN. SRMs DEVELOPMENT COSTS
: lv-h/. v .
5 267 080 SAME AS 2C
150[151]152
156 IN. SRMs BIERES
[+
ovo e I
o e £ e
120 IN, SRMs
T
@@@ 1 =
58 267 © 48|49/ 500156 SAME AS 2C
156 in. SRMs
KF-1
DO 4569




TIME- DEPENDENT SOLID-ROCKXET MOTOR FAILURE MODES

Principal modes of failure related to crew safety are (1) overpressurization of the motor case,
(2) burnthrough of the insulations and case wall, and {3) structural failure of the case wall
and joints. The potential of structural failure will be increased as a function of the number
of SRMs in the cluster. Of these failure modes, the burnthrough has the highest probability
of occurrence, but overpressure conditions allow the least time for detection. The projected
failure rates were established based on 1967 data and the state of process development with

propellants and test history of multiple programs.

Detail analysis needs to be accomplished to bring solid-rocket motor failure modes current

with the expected design choice.




SR s,

TIME DEPENDENT SOLID ROCKET MOTOR
==z FAILURE MODES
ROCKET TIME FROM [DYNAMIC | ALTITUDE* | POWN- | PROJECTED (CONSEQUENCES AND
MOTOR FAILURE LIFTOFF | PRESSURE" RANGE®*! FAILURES REMEDIAL ACTION
MODE PER MILLION
{SECONDS) (PSF) LFT} (MM}
OVERPRESSUR
e LINER v s 4 S'{ACE TH%{UE?
SEPARATION : ' ?,\E»mi:z A‘:Q?ﬁ MODE
| BURNTHROUGH.
o INSULATION STAGE THRUST
¢ CASE BOND 20 —» 60 | 1362494 (3630 --30220 i2 200** TERMINATION
e NOZZLE o INTACT ABORT MODE
STRUCTURAL :
e TVC - STAGE THRUST
o CLOSURE 0 — 20 0-»136 0 3430 ¢ 50 TERMINATION
e IGNITOR SEAY - , INTACT ABORT MODE

*BASED ON A TYPICAL SOLID ROCKEY MCTOR BOOSTER S YSTEM-SHUTTLE ASCENT TRAJECTORY
*#SPECIAL DESIGN EMPHASIS IS NEEDED TC AVOID BURNTHROUGH AT HIGH DYNAMIC PRESSURES

JAD-1
DO 4548



SUCCESS PROBABILITY OF SOLID ROCKET MOTOR BOOSTER SYSTEM

Y

The calculation of success probability on a purely statistical basis indicates a substantial
advantage to having three SRMs available and needing only two for the initial flight .

phase.

(System 5) Pg = + 2q R2

ﬁ—— Two combinations of one or the other first stage Ialls and

Probability
cof the one second-stage works
Success Success of both first stage units (0.997 x 0.997)
5 . . 2.5 5
(System 5D) PS = R~ + oq R + 5 R~ + 10q R

or 4 or
-/ Ten cases — twe of first stage fail
Five cases —one or the other second stage fails

Five cases —one first stage fails; four first stage plus one second stage work

All five work

The cases where all available engines are needed for success, the multiplication theorem applies.
9 . ' -3 _ 3 -6
(System 5A) Pq = (0.997)° = 0.973000 or 27x 10 = {27 x107) x 10

Conclusion. Selection of best combination yields low probability of failure - precludes need for

high-risk full-burn hold-down in the event of one SRM malfunction.

H




SUCCESS PRCBABILITY OF SOLID ROCKET MOTOR BOOSTER SYSTEM

-
SOLID ROCKET MOTCR pROBATILITY
- AVAILABLE NEEDED MOTOR NUMBER OF FAILURE
PER FOR TYPE oF (FAILURES PER
SYSTEM LIFTOFE STAGES MILLION)
5 3 2 156 2 10
2
5A g 9 120 ] 277X 10°
58 4 i 156 1 12X 10°
58 (ALT) 3 3 156 1 9% 10°
5D 7 5 120 2 03

ASSUMED PROBABILITY OF SUCCESS FOR SOLID ROCKET MOTORS 1S 0.9977

JAD-2
DO4549
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THRUST TERMINATION CONCEPTS

The separation of interim booster stages with fully thrusting rocket
motors is not considered to be 2 feasible operational mode.  Stage
separation is initiated after all SRMs of the stage have burned to a
thrust level commensurate with the stage retro requirements. For

the abort mode, where premature stage separation is a design require-

ment, thrust-termination ca ability must be provided.
iy




THRUST TERMINATION CONCEPTS

CONCEPT EFFECT DEVELOPMENT THRUST SUBSYSTEM EFFECTS ON VEHICLE SYSTEM WEIGHT
STATUS DESIGN PENALTY

(1) WATER EXTINGUISHES § NOT USED WITH FAST DECAY ADDITIONAL LEAST ADVERSE
QUENCH PROPELLANT  E LARGE SRM 7O ZERO INJECTION, FEASIBLE WITH ALL SEPARA-

TANKAGE, PRESS~ | TION MODES ?
URIZATION 3YST,

(2) BLOW REDUCES PRESS- § NOT USED WITHE VERY HIGH PELATIVELY SIMPLE | SPIKE SHOCK ON SYSTEM, PROBABLY
FORWARD URE, PROBABLY § LARGE SRM REVERSE SPIKE, | LINEAR-SHAPED DIFFICULT TO CONTROL BLAST LOW
CLOSURE BELOW BURN UNCONTROLLED | CHARGE CLOSE TO ORBITER

UMIT DECAY '

{3) sLOW NOT USED WITH §  VERY HIGH SPIKE SHOCK ON SYSTEM PROBABLY
AFT CLO- LARGE SRM FORWARD SPIKE, g[L‘f\ESRT REMOVED FROM OR- LOW
SURE UNCONTROLLED 5

SAME AS (2) DECAY SAME AS (2} | THRUST OPFOSED TO AXIAL
SEPARATION
(4) BLOW REDUCES ANALYSIS FORWARD THRUST EVERY LARGE PORT § IF USED AT END OF BURN TIME, | HARDWARE SIMILAR
- SIDE PORTS PRESSURE REDUCTION LIMI- JAREA REQUIRED; F/wW PROBABLY TOO HIGH FOR | TO (5}
TED TO ABOUT 10% § MAY AFFECT CASE J AXIAL SEPARATION ADDITIONAL LOSS
OF NORMAL DESIGN AND PRO- . IN A BECAUSE OF
PELLANT LOADING REDUCED LOADING
EFFICIENCY NO BLAST EFFECT ON ORBITER | EFFICIENCY

(5) BLOW REDUCES PRESS- | OPERATIONAL | EQUILIBRIUM FOR NULL THRUST,| DESIGN TO AVOID ABOUT 0,003
FRONT PORTS § URE AND GENE-| POSEIDON THRUST BETWEEN | PROJECTED PORT | IMPINGEMENT ON 7O 0.006 4 X
WITH STACKS | RATES REVERSE | UNDER DEVPT. | +15% AND -15% | AREA ABOUT 1.4 | ADJACENT STRUCTURE ESTIMATED
GIVING FWD | THRUST COM~ | FOR TITAN NORMAL THRUST | NOZZLE THROAT
COMPONENT | PONENT inp AREA
e
EXHAUST
SELECTED ;

RR-2
DO Lshl 219




THRUST TERMINATION SYSTEM CHARACTERISTICS

In current designs, the combined effect of reduction in chamber pressure and reverse
thrust is obtained by the rupture of covers installed in ports in the forward motor closure,
and by ducting the exhaust gas from the ports through short stack for obtaining the desired

thrust vector direction. Single or multiple ports may be installed.




THRUST TERMINATION PORT DETAILS

REACTION
LOAD

PLUME ENVELOPE
(ALUM, OXIDE ABRASICN)

AN

DEBRIS
ENVELOPE
R

T.T. STACK

INEAR CHARGE ~
BLOWOFF AND PRESSURE
EQUILIBRIUM TIME LESS

L

THAN 150 MSEC

CANCELS
THRUST

sictizsa £ 1 i

o=

o
[N

ST

Py
5% 1.1 REDUCED CHAMBER
25 f PRESSURE TO 25% NORMAL
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SSS¥ SEGMENTED SRM STAGE (170 IN.-I56 IN.} OPERATIONS CONCEPT
MODIFIED LAUNCH PAD 39A
(31.5M)
: \ \\

EXISTING COMPLEX 39 EXISTING COMPLEX 40-41

MODIFIED VAB

120 iIN, -5 1M
156 iN, —_$%.,8M

VEHICLE INTEGRATION
BAY

SEGMENT STORAGE

“MODIFIED LUT
(%7, 5

'/
/
N\

";’.""t..:&’:’.‘.&f.:i"—"‘l‘m _-JZ'-\
VY il
v

SRM PREPARATION

54,

L

: ‘ i ek w"\l“’ﬁ )/ d o N Gk A ‘
i 4 %ﬁ @ GSE REQUIRED ]
TN ] 120 IN, -$5m ol A
g =7
it

SRM MOTOR — &

e e
ASSEfv“\?LY OVER-THE-ROAD TRANSPORT
BA
RR= A FACILITY AND GSE COSTS: 120 IN. —g 15M
e 156 IN, =$ 25,
D04225(1) = 25.8 M



ABCHMEED

D i e

INTERIM SRM iMPACT AREAS AND SAFETY

THIC
"O" STAGE (OVER

THOR SRMs
(OVER 200
MOTCRS

15T STAGE OF
2-STAGE SRM

20 MOTORS DROPPED

;i

aan INTERIM SHUTTLE SRM
7~ SINGLE STAGE OR 2ND
STAGE OF 2-STAGE SRM

(OVER 10 ~
STAGES DROPED)

D N

%////// 0

IMPACT

INTERIM SHUTTLE SRMs

IMPACT IN SAME APPROXIMATE
AREAS AS THE THOR STRAPON
SRMs AND THE SATURN SiC STAGE

SAFETY

ASSUMING IINTERIM SRM BREAKUP

- INTO NO MORE THAN 10 PIECES,
THE SHIP/AIRCRAFT HIT PROBABILITY
IS WITHIN THE PRESENT KSC -5
ACCEPTABLE LIMITS OF 1 X 10

RR-3
D04530

7/, ~ 6 CRAFT PER 10,000 5Q NM
225




AIR POLLUTION ASPECTS OF SOLID ROCKETS

Calculated values for concentrations of SRM exhaust products are shown as a function

of time after ignition to illustrate that even these conservative maximum concentrations
“are well below the accepted harmful thresholds. Actual measurements of SEM exhaust
clouds made during static tests found quantities of only about.30 percent of these calcu-
lated concentrations. Also, these peak concentrations occur at the SRM launcher shortly

after liftoff. No personnel are present.




== AR POLLUTION ASPECTS OF SOLID ROCKETS
50 e g R gy e e T e e e S e as'a e MM R TRSITED GO I ASTA | GRRD
—cO THRESHOLD}\-NZOS THRESHOLD®*
*THRESHOLD LIMITS ADOPTED BY AMERICAN

: 20 CONFERENCE OF GOVERNMENT AND ]
3 T INDUSTRIAL HYGIENISTS FOR 8-HOUR
2 = EXPOSURE DAILY FOR AN INDEFINITE PERIOD

= WITHOUT HAZARD TO HEALTH

[» 1N .

p

Q
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é - 20 _

Z MAXIMUM CALCULATED QUANTITY

] IN VICINITY OF LAUNCH SITE FOR

5 3.4-MLB SRM OF:
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AlLO ' |
/ / 273 /HCI THRESHOLD*
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CONCLUSIONS

PHASED BOOSTER DEVELOPMENT SAVES 396 M/YR PEAK ANNUAL FUNDING.

EXTERNAL H AND O BECOUPLES ORBITER DEVELOPMENT FROM STAGING, OFFERS LOWER
SYSTEM DEVELOPMENT RiSK AND MINIMIZES SIZE OF ORBITER,

LARGE PAYLOAD BAY RELIEVES ENTRY HEATING AND DOES NOT INCREASE COST
SIGNIFICANTLY. | |

TANDEM ARRANGEMENT RESULTS IN MAXIMUM COMMONALITY BETWEEN INTERIM AND
FINAL DESIGN AND RESULTS IN SIMPLER STAGING.

. ONE-STAGE - 156-1NCH SRM IS SIMPLEST LOWEST COST INTERIM BOOSTER.

JTL-16

DO4660



UNIQUE CONCEPT - STAGE-AND-ONE-HALF

PARAMETER

COMPARATIVE DATA

COMMENTS

CONFIGURATION NO. AND
TYPE

DEVELOPMENT PROGRAM
EINAL SYSTEM GLOW (109 LB)
TOTAL PROGRAM COST ($107)

PEAK ANNUAL FUNDING ($10%)

AVERAGE RECURRING COST ($10%)

LENGTH {FT)
ORBITER ¢ ENGINES (NO.)
{ DRY WT (105 LB)

aGLOW
ORBIT INERT (-B)

SENSITIVITY:

STAGING METHOD

TANK IMPACT

ABORT-TO-ORBIT DEADBAND

LDG SPEED (P/L 1N} ORBITER (KTS)
BOOSTER

NO. 11
(1-1/2 STAGE)

CONCURRENT

4,701
7.792

1.077

7.25

145
1

320

26

PASSIVE

(1 EVENT)

900 DOWNRANGE
(T8D) SEC.

150

NO. 1
{2-STAGE)

4,467
7.848

1.868

ACTIVE |
{1 EVENT)

NONE

150

T8D)

CONCURRENT

(TBD) SEC.

NO. 58

{2-1/2 STAGE)

PHASED
3.339

i0.116

0.972

5.69
108

3 {415K)
136.5

ACTIVE
(2 EVENT)

=10,000 M1,

(TBD) SEC.

150
{TED)

(NO. 5B HAS 12 FLIGHTS MORE-
INTERIM CONFIGURATION)

1-1/2 STAGE SHOWS NEAR $1B
PEAK iIN A CONCURRENT DEV

| PROGRAM

(FOR FINAL SYSTEMS ONLY)

1-1/2 STAGE ORBITER iS5 LARG-
EST-A MODERATE PENALTY FOR
COMPLETE ELIMINATION OF
BOOSTER

1-1/2 STAGE LEAST SENSITIVE-

| CONCURRENT PROGRAM HAS

MODERATE RISK

1-1/2 STAGE STAGING CAN
BE SIMULATED ON GROUIND
1-1/2 STAGE TANKS HAVE

OCEAN IMPACT FOR MOST
AZIMUTHS

1-1/2 STAGE HAS ONLY ONE
VEHICLE AND CREW

1-1/2 STAGE HAS NO BOOSTER
TO LAND

TW-5
DO4425(2)




1anccn COST SAVING POSSIBILITIES®

TOTAL PROGRAM SAVINGS | PEAK ANNUAL SAVINGS
M $ M/YR
rDELAY BOOSTER DEVELOPMENT (1-5B) (268> ' 896
PROGRAM OR
E[!;E;/CF%S £ DELETE BOOSTER DEVELOPMENT {(1-11) 1056 791
RELAX REQUIREMENTS CONTINGENCIES. 400 , 40
SUBSTITUTE J25 FOR ICD ENGINE 250 20
.
‘ ADOPT LOW-COST EXTERNAL TANKS 500 0
ng\f,ﬁ\l (43 /1B ~-20 /LB :
EEFECTS  IMINIMIZE USE OF TITANIUM : 145 ] 39
PHASE AVIONICS DEVELOPMENT e ' 13

~(CLEAD TO ATTAINABLE PROGRAM COST TAR@

*COMPARED TO CONCURRENT TWO-STAGE DEVELOPMENT

JTL-9
DO+E843(D)




A | CONTINGENCY AREAS SUMMARY

REDUCTION IN -
RECOMMENDED CHANGES IN GLOW (2-1/2 STAGE)
LEVEL | REQUIREMENTS | 215K
LEVEL 1! REQUIREMENTS 35K
TD REQUIREMENTS AND DESIGN PRACTICE - éi’%é
B

APPROXIMATE COST EFFECTS

$400M REDUCTION IN TOTAL PROGRAM COSTS

$40M REDUCTION IN PEAK ANNUAL FUNDING

TW-1
DO4587

[tV
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LOCHRHEED ,
— CONTINGENCY AREAS
LEVEL | REQUIREMENTS
CURRENT REQUIREMENT -
OR DESIGN PRACTICE POSSIBLE ALTERNATIVE PROX.
SOURCE VATH ol e EeEp e REDUCTION
LEVEL [ITEM MO DENTIFICATION WEIGHT/CCSTREDUCTION,  PRINCIPLE EFFECTS IN GLOW
; 2 15 X €0 P/L BAY 15X 40 B/L BAY APPROX 17% OF MISSIONS | 300 K
NOT ACCOMMODATED OR
WOULD NEED REDEFINITION
z 10 1500 FPS ON-ORBIT AV 1350 EPS REMOVES CONSERVATISM 80K
FOR RESUPPLY MISSION FROM REQUIREMENT
| 10 TANKS SIZED FOR TANKS SiZED FOR STiLL WOULD LEAVE 400 TO | 10K
2000 EPS ON-ORBIT 1500 FPS ON-ORBIT 1500 EPS BEYOND MIN.
NEEDED IN LONG-TERM
STORAGE FOR RESUPPLY
MISSION |
| 11 ORBITER GO-AROUND RELAX ABZS RGIMTS,  SAVINGS FOR THOSE 5YS- | UP 1O
CAPABILITY E.G., REQUIRE 15K [TEMS DESIGNED BY Re- 250 K
RESUPPLY MISSION B/L ISLIPPLY MISSION
WITH ABES; OBTAIN . -FULL GAIN FOR 4-1/2 ST,
ABOUT 35K WITHOUT | SOME GAIN FOR 2-1/2 5T
ARES NO GAIN FOR 2-5T
a 24 O?/FA /i-A“ SAFH FAIL OP/FAIL SAF REDUCED PROBARILITY OF 45K
(ELEC: SUBSYSTEMS) FULL MISSION ACCOM-
PLISHMENT-SAVES ~ 1500 LA
ORBITER WEIGHT
| 27 3-C MAX LOAD FACTOR 3G-RESUPPLY MISSION 1SAVING FOR THOSE SYS- UP 7O
‘ AG-EAST AND POLAR  {TEMS DESIGNED BY EAST OR| 30K
POLAR MISSIONS, E.G.,
TWO STAGE
1 29 LAND 40,000 LB P/L REENTER & LAND ABORT OPERATIONS RE- 50K
25,000 L8 P/L QUIRES DUMPING TO
25 000 LB
SRECOMMENDED CHANGE
TW-2

DO 4588
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CONTINGENCY AREAS

LEVEL 1| REQUIREMENTS

CURRENT REQUIREMENT
OR DESIGN PRACTICE POSSIBLE ALTERNATIVE APPROX
SOURCE WiTH REDUCTION
LEVEL | ITEM NG, IDENTIFICATION WEIGHT/COST REDUCTION PRENCIPLE EFFECTS | IN GLOW
H APP. C NATURAL ENVIRONMENT | REDUCE TC WIND LEVELS TO | 18D 78D
{SEVERE WIND AND MNEAR T {O5E FOR SUSPEND-
OTHER REQUIREMENTS) g’\G ATRLENE OPERATIONS
A?‘D E‘\Ef "Q;‘-\EZUAX ng\"‘cn
ENWIRONMENTS
i APP. E 109% WEIGHT CON- BN PHASE C - ESTIMATE TBD-LITTLE OVERALL --
TINGENCY AT END OF i\““:}:‘\vﬁx\él'\g. WEIGHT AND CHANGE EXPECTED,
PHASE B VARIATIONS FOR EACH ITEM; 1 BUT PROVIDES Ab%S
(_OW% INE STATISTICALLY FOR WEIGET CON-
. TROL SYSTEM
S1E APP. F FLIGHT PERF, RESERVE USE 3-SIGMA CONFIDENCE REDUCTION OF 35K
{1% OF CHAR VEL FOR LEVEL - CURRENTLY ABOUT 60 FPS 1IN FPR
ASC iN PU SYST.} ESTIMATED AT ~0.8% :
i APP. G S"RL""‘U”\ CRITERIA COMNTINUE PER APP.G - TED-LITTLE CHANGE -=
{CR A TO B BASED IMPLIES CONTINUED IN CURRENT
ON ANALYS%S FOR ANALYSIS AND JUSTIFICA- ESTIMATES EXPECTED
MOST PART) TION OF CRITERIA

- *RECOMMENDED CHANGE

TW-3
DO4589




CONTINGENCY AREAS

TD REQUIREMENTS AND DESIGN PRACTICE

- CURRENT REQUIREMENT | APPROX
OR DESIGN PRACTICE POSSIBLE ALTERNATIVE REDUCTION
SOURCE VITH IN GLOW
LEVELTITEM NO] IDENTIFICATION WEIGHT/CCST REDUCTION PRINCIPLE EFFECTS ~ 1{2-1/2 5TG)
D- 4 DESIGN TOUCHDOWN ESTABLISH SAFE LANDING |ACTUAL SAFE LANDINGS WiLL| UPTO =
3002 VELOCITY OF 150 KIS . | REQUIREMENTS FOR BE MADE IN 160 TO 170 KT 20K
(THEORETICAL EXTREME REALT ISTIC CONDITIONS - IRANGE EVEN iF 150 KT REQ'T
OF CONDITIONS) NCT THEORETICAL IS RETAINED
EXTREMES
NASA ENGINE - | 1sp VALUES AND ENGINE | USE REALISTIC NOMINAL |NOMINAL isp IN CREASE OF 75K
DATA WEIGHTS VALUES WiTH VARIATIONS|ABOUT 2 SEC
. OMPUTE COMNTIN-
jscf OMPUTE CONTIN- - I omiNAL ENG. W, Bk e
ENCEES DECREASE GF ~ 5%
LM5C 3% ULLAGE : 2% ULLAGE MORE CARE IN LOADING 30K
OPERATIONS REQUIRED
LMSC Hp DENSITY < 4.4 18/CU° | APPROX 1% INCREASE  [MORE CARE IN LOADING 20K 7]
{BUBBLES ASSUMED N IN ASSUMED LOADING  |OPERATIONS REQUIRED ;
LIQUID DURING LOADING)| DENSITY |

*RECOMMENDED CHANGE

, TW-4
DO4590
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ORBITER MAIN ENGINE COMPAIRSON
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COMPARISON - ALUMINUM VS TITANIUM

This chart reflects the percentage of body weight that is considered structure and
does not include TPS, insulation, or internal tanks. The LMSC values are for the

-3B configuration. The values for the other contractors are as follows:

Grumman: MSC-03814 - Final Report
Detailed Mass Properties Report,
Dated 6 July 1971

North American: MSC~03317 - Final Submittal
Detailed Mass Properties Report, -
Dated 25 June 1971

MAC/DAC - MP-10 — Mass Properties Status Report,
Dated 3 May 1971
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SQURCES OF CO37 D

ATA FOR TITANIUM STRUCTURES

BASIS FOR DATA

ADV. DEV. PROG (ADP)

100,000 LB
TOTAL USAGE

1.9M MACHINED

. APPROX — s DATA
SOURCE AL PRODUCTION DEVELOP | ANALYTICAL | v/
LB (Ti/VEHICLE | cecorp STUDIES | STUDIES VINTAGE
DEV, FAB,
SST 96,664 —_ OVER — 1964-5
25,000 LB Ti
L1011 10,000 117,000 5M v 1971
9000 MACHINED
- C-3A 6600 v W 1971
SR-71 - CLASSIFIED v — —
LOCKHEED IN EXCESS OF M SM o -

- SM = SHEETMETAL

KF-5

DO4573




N

- PART NO. 903246-7

0.3 LB
ALUMINUM HOURS 9.96

STANDARD HOURS PER 100

0.45 LB
TITANIUM HOURS 33.66

RATIO 1.00 : 3.38

249



—

MANHOURS PER 100 PARTS

e Differences in fabrication costs of titanium and aluminum parts were studied
extensively during the SST Development Phase II-B Program performed at the
Lockheed-California Company. Over 500 parts were studied in detail to develop

data on cost complexity factors for titanium versus aluminum fabrication.

‘0 Other typical complexity factors for titaniam versus aluminum structure are as

shown below.

Complexity Factor

Fab/Ass'y Labor Ti Alum
Skin Fab W/O Forming 2.6 ‘ 1.0
Simple Hot Form | 2.8 1.0
Averaée Hot Form 3.3 1.0
Complex Hot Form 4.2 1.6
Machinery and Drilling 8.7 1.0
Assembly (Gauge Z 0.060) 3.0 1.0
Assembly (Gauge 0.060-0.125) 4.0 1.0




MANHOVRS F"?P 100 PARTS

ALUMINUM VS TITANIUM, PART NO. 903246-7, WER,
ALUMINUM TITANIUM
SETUP FAB SETUP FAB
C LAYOUT 0.07 - RECORD MATERIAL CONTROL NO.
LAYOUT 0.07 _ -
SHEAR 0.06 0.02 SHEAR 0.06 __0,02
BLANK 0.90 0.30 BLANK & PIERCE 0.90 0.30
BURR 0.03 1.00 BURR & GRIND EDGES 0.03 __7.98
IDENTIFY 0.12 0.10 IDENTIFY -~ TAG 10%, PART &
CONTAINER NO, 0.12 _..0.20
INSPECT - - INSPECT -
ALKALINE CLEAN 0.05 __ 0, ]9
APPLY ANTI-GALLING COMPOUND __ 0.05 __0.75
PRE~FORM 0.05 . —-1.20
INSPECT - -
ALKALINE CLEAN 0.05__0.19
PICKLE 0.05 __ 0.47
APPLY SCALE DETERGENT 0.05___0.75
INSPECT -
FORM- 0.05 1.20 HOT SIZE (1400°F) 0.90 _.13. 58
HAND FORM 0.10 3.80 ALKALINE CLEAN 0.05__0.19
INSPECT - - PICKLE 0.05___0.41
- ALAL 0.05 0.13 VAPOR HONE . 0.02 __ 5.00
H.T. 0.05 0.3% MIKE PARTS, PICKLE, MIKE PARTS - -
INSPECT CHECK & STRAIGHTENL_ 0.10 2.30 CHCLK AND STRAIGHTEN 0.10 —_ 1.50
INSPECT - - INSPECT - -
IRIDITE 0.03 0.17 PENETRANT INSPECT Co- -
INSPECT - - ALKALINE CLEAN* 0,10 __0.19
PAINT 0.02 0.48 INSPECT* - -
INSPECT - - IDENTIFY~-CHEM-ETCH* 0.12 __0.20
IDENTIFY 0.12 0.10 INSPECT™ - -
‘ WRAP & IDENTIFY* 0.07 __0.40/
0.20
INSPECT - - INSPECT * - -
STOCK - - STOCK - -
TOTAL 1.78 ?.96 ' TOTAL 2.89 33,46 |
*WHITE GLOVES
KF¥F-9
DO L4618



FUSELAGE STRUCTURE/TPS CCNFIGURATIONS

¢ Baseline Configuration (1) TPS concept is based upon use of external fuselage frames
and metallic subpanels to which the LI-1500 insulator is bonded. Configurations 2,

3, and 7 also employ external frames.
y

e Configurations 4, 5, and 6 employ internal frames, and the insulator is bonded

directly to the primary shell structure.

& Configurations 2 and 6 (least weight) use beryllium in the subpanels or in the primary

skin/stringer structure.

e For the System 5B cost study, Configurations 1, 4, and 5 (using LI-1500) were

adopted for comparison with Configurations 3 and 7 which employ a metallic TPS.

e Use of beryllium produces the lightest vehicle, but full benefit of weight reductions

must consider resizing of the vehicle. Cost study, including resizing of the vehicle,

is in progress.




“"“jff;jfi FUSELAGE STRUCTURE/TPS CONFIGURATIONS
TWO-STAGE L 400-7 (1) &=ty
755 TOTAL WEIGHT (LB}
SUBPANEL
SF:?}WPA%RJ’R: DESIGN | SUR- NSULATOR = _ UNIT STRUCTURE
RWCTURE iF1G. | FA FOR BOND | WEIGHT TPS -
MarL  |CONFIG. 1 FACE MATIL TEMP. | (LB/FT2) TS
U ITITANIUM — — 1.43
1 . 26,856 43,682
L 1-1500 (1.67 IN.} Ti 600 3,50
s U {BERYLLIUM — — 0.75 L
2 Z 16,520 33,346
g L {L1-1500 (1.00 IN.) Be 600 2.20
o
U |TITANIUM — — 1.43
=N ; 30,500 47,326
L 1 COLUMBIUM — _ 4,08
U {L1-1500 (0.5 IN.) ov 1 300 0.92 o
4 1300 ¢ ) R 22,600 40,946
Li-1500 (2.25 iN.) [2IRVSIURE 1 300 3.20
U L1-1500 (0.5 IN.) PRIMARY 6060 .12
5 SCTUR 20,500 42,900
L |L1-1500 (1.67 IN.) STRUCTILRE | 400 2,70
=
) u fL1-1500 (0.5 IN.) Be 600 1.12 '
Z 6 | 19,050 32,409
< L £1-1500 {1.60 IN.) Be 600 2.55
Fann
U |TITANIUM — — 1.43
7 28, 850 49,450
L |COLUMBIUM —_ — 3,80
KF-.2
DO 4570 253




AIRFRAME STRUCTURE/TPS WEIGHTS
SYSTEM 53

e The System 5B Baseline Configuration was selected for the cost impact study,

where the differences in cost due to use of titanium versus aluminum are developed.

e All aluminum and maximum titanium versions of the System 5B vehicle were estab-

lished, for purposes of this study, without resizing of the vehicle.

e Further analysis, including vehicle resizing, is in progress.
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AIRFRAME STRUCTURE/TPS W

n.r

i

1 STG-156 IN.

DESIGN CONFIGURATION

COMPONENT WEIGHTS {LE]

PROPELLANT
SYSTEM &
TAMNKAGE

TAIL

GR{J i

BODY
GROUP

STRUCTURE

s

TPS (LB}

A —

o \ AL AR -

— SYSTEM 58 73,019

(=Y A 4967

O Pk €/ i
[AR TS
(O R B
< L ;
Lo 1 :
oz o H
o) EOATINATNTIAA - B U i
Pz ALL ALUMINUM Al 4962 9380 37,796 52,138 23,800 73,938
)Y
P R :
=L )
o R
v - . - A
= PAAXIMUM 1 enn
[ . . . ] 13

TITANIUM heees
49’§2 — 15,544 20,508

METALLIC TPS

ALL ALUMINUM

Al 4962

33,600

MAXIMUM
TITANIUM

Al 4962

27,650

77,698
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BASELINE SCHEDULE CHARACTERI‘STICS’

Current NASA TD baseline schedule and development planning guidelines for a bhased interim
booster -development approach display elements of a relatively high-risk approach forced by
anticipated funding constraints. The interim approach inherently tends to produce two funding
peaks reughly opposite the reusable orbiter and reussble booster DDT&E cost peaks. Suppressing
these funding peaks tends to exaggerate uneconomic development and production phasing and

increase financial and technical risks of increased tosal program cost.  Suppressing the first

peak tends to delay the orbiter first horizontal flight against a fixed FMOF requirement and,

" thereby, severely constrains flight test options, with associated flight test rigk. The 16-month

flight test span currently available with two vehicles provides 22 vehicle months, and requires
maintaining a minimurn average of about 10 flights per month on each vehicle.  There is high
exposure to certification delay with damage or loss to either of the two vehicles, and elimination
of hypersonic single-element vertical-flight-test capability means lack of design verification
prior to FMOF in the entry environment. Introduction of an interim booster configuration
may require additional integrated stage man-rating flight test not provided for in the restricted
schedule spans. Suppressing the second peak forces early completion of orbiter production
with risk of increased costs to retro-fit engineering changes resulting from interim orbital

flight into production vehicles; and also forces a reusable booster -production gap that may widen

under the impact of development delays or continued funding pressure.

JTL-7
D04638
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DEVE LOPMENT RISK IMPACT

Technical and financial development risk impact, as reasured by failure to achieve a development
objective, is concentrated in the FY 76/FY 77 time period opposite the first funding peak. The degree
of commitment, implied in the orbiter development activities and milestones concentrated in this period,
includes initial deliveries of primary and secondary 2ngines, a peak level of expensive subsystem-
qualification testing, final assembly of the structures test vehicle (STV) and full-scale propulsion-
development module hardware (PDM), cov;mpletion ard proving of major tools, and initiation of final
assembly of the first flight-test vehicle (FTV-1). Tailure to achieve significant technical objectives
in this time period leads to remedial DDT&E costs that extend the manpower loading in all areas of

the program pending, and potentiaﬂy delays both interim z;nd final booster development and production
activity. Concerns over the impact of such remedial costs leads to preventive DDT&E costs te
increase design assurance, which, in turn, tend to front-load the manpower buildup and increase the.
first funding peak.  Finally, the incidence of these costs and associated delays may compromise
economical attainment of an early traffic buildup following intreduction of the reusable booster. In
baiancing risks and costs, both initial and deferred, one recommendation is to accept a predictable

and controllable increase in program buildup and first peak funding to accelerate CDR and FHF mile-
stones, and, thereby, provide sufficient orbiter horizontal and vertical-flight-test experience to fully |
verify the design prior to FMOF. Beneficial effects anticipated from development and production

hardware phasing and insurance against preventive DDT&E cost elements minimize over-run potential

in total program cost to FMOF.
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CONCERN LEADS TO
PREVENTIVE DDT&E
. COSTS

o S/S PARALLEL OPTIONS
o ADDED CONTINGENCIES
o ACDED FLIGHT SAFETY ;
AND ABORT PROVISIONS ¢
o SUBSCALE AND BOILER
PLATE DEMONSTRATION

CATION TESTING
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CONCLUSIORNS
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